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ABSTRACT  
 
Background: During 2010, the number of cancers diagnosed in Australia was 116,000, 
which is estimated to increase to 150,000 by 2020. Cancer treatment related side-effects 
commonly have debilitating effects on cancer survivors’ physical, cognitive, and emotional 
functioning, their quality of life, and that of their significant others. With an ageing population, 
and longer cancer survival rates, there is an increased need for quality cancer survivorship 
management, as well as for better support in addressing modifiable lifestyle factors that 
increase cancer development risk. 
A growing body of literature has implicated physical activity (PA) in cancer prevention, 
and its management. The range of potential benefits is vast and has been well examined. 
Despite the known benefits, adherence to PA in this population is low. Approximately 70-80% 
of cancer survivors do not meet the recommended PA guidelines after completing treatment. 
The Theory of Planned Behaviour (TPB) attempts to explain behaviour in terms of intentions. 
Numerous studies of TPB have shown intentions to predict variance in behaviour, however, 
individuals continue to act/not act despite having positive intentions to do otherwise. This is 
known as the intention-behaviour gap. Temporal Self-Regulation Theory (TST) attempts to 
bridge the intention-behaviour gap by including additional moderating variables of 
behavioural prepotency, executive control resources, and ambient temporal contingencies, 
over and above intention. Temporal valuations are also proposed by TST to increase 
predicted variance in intentions, over and above the TPB variables: attitude, subjective norm 
and perceived behavioural control.  
Aims: The present study aimed to investigate the utility of TST in bridging the intention-
behaviour gap in PA adherence in cancer survivors, in combination with TPB.  
Method: The effect of TPB and TST on adherence to PA was examined using a pre-post test 
cohort design in a sample of 54 cancer survivors engaging in the Exercise and Nutrition 
Routine Improving Cancer Health (ENRICH) program - a 6-week PA program delivered by 
the Cancer Council New South Wales, Australia. Measures of TPB and TST constructs were 
completed online across four time points – before ENRICH, immediately after the program 
was completed, 6 weeks later, and 6 months after starting the program. Adherence to PA 
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was defined as the difference between self-reported PA levels at each subsequent time point 
as compared with baseline PA. 
Results: A significant increase in PA was found post-ENRICH, and this increase was 
maintained across time. The TPB variables were found to significantly predict 61.5% of 
variance in intentions, consistent with past research. This effect was also maintained across 
time. Baseline intentions were found to have a significant negative association with PA 
adherence, which supports the intention-behaviour gap. However, this relationship was not 
maintained across time. Baseline intentions were found to significantly predict 20.1% of the 
variance in PA adherence immediately after completing ENRICH, which was consistent with 
past research. This effect was not maintained across time, which is likely due to the small 
sample of completed data at the last two time points. Temporal valuations were found to 
significantly predict intentions only at 6 weeks after participants completed ENRICH, over 
and above attitude, subjective norm and perceived behavioural control. Together with TPB, 
the TST variables significantly predicted 36.5% of the variance in PA adherence. Both 
behavioural prepotency and executive control resources demonstrated a significant 
moderating effect on the intention-behaviour relationship. After including the latter 
interactions in the full model, it was found that 53.4% of the variance in PA adherence was 
explained. 
Conclusion: The present study’s findings support TST’s utility in bridging the intention-
behaviour gap in health behaviour change endeavours, as well as the need to engage health 
professionals and the government in providing better access to PA. A number of TST 
variables are subsequently amalgamated with those of TPB, the Health Action Process 
Approach, and the Reasoned Action Approach, and proposed in a novel model of health-
behaviour change. A PA intervention based on the novel model is suggested in order to aid 
the development of future lifestyle programs that promote adherence, as part of quality 
cancer survivorship management, and cancer prevention overall.  
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1. INTRODUCTION 
1.1 CANCER 
Of all chronic diseases, cancer has been shown to be the largest contributor to total disease 
burden in Australasia (16%; Australian Institute of Health & Welfare: “AIHW”, 2014). Between 
1991 and 2010 the number of new cancer diagnoses in Australia alone nearly doubled from 
66,000 to 116,000 (AIHW, 2012; AIHW, 2014), with the most commonly diagnosed cancers 
being prostate in males, bowel and breast in females, melanoma of the skin, and lung cancer 
(AIHW, 2014). During 2008-2009, the total health system expenditure on cancer and 
noncancerous tumours in Australia was AU$4.5 billion, which formed 7% of the total 
expenditure on chronic illnesses for that year (AIHW, 2013). Although there has been an 
overall increase in survival over time (i.e. from 47% to 66% between 1982 and 2010 (AIHW, 
2012b)), cancer remains the second most common cause of death in Australia (AIHW, 
2014). Furthermore, the number of new cases of cancer diagnosed in Australia is estimated 
to increase over the next decade, reaching 150,000 by 2020 (AIHW, 2014).   
Cancer survivorship begins at the time of diagnosis, and continues after treatment is 
complete (Institute of Medicine, 2006). Namely, the term “cancer survivorship” applies once 
an individual is diagnosed with cancer, and continues from that point onward. Cancer 
survivors are not only at risk of disease recurrence, but commonly face long-term emotional, 
physical and financial difficulties during and following treatment, which can reduce quality of 
life (QoL) not only for the cancer survivor, but also for their family, friends and caregivers 
(AIHW, 2014).   
The development of many cancers is likely a combination of several causal factors.  
Some known causes include family history, genetic susceptibility, reproductive and hormonal 
factors, as well as occupational and environmental exposures (e.g. radiation, asbestos, 
ultraviolet light, and chronic infection; AIHW, 2014).  However, it is estimated that over one-
third of cancers worldwide could be prevented by removing recognized, modifiable risk 
factors which include tobacco use, physical inactivity, an unhealthy diet, and excessive 
alcohol consumption (World Health Organization: “WHO”, 2008). The Australian National 
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Physical Activity Guidelines for adults recommend at least 30 minutes of moderate intensity 
physical activity (PA) on most days (Brown, 2012). During 2011-2012, however, less than 
half (43%) of Australian adults reported meeting this “sufficiently” active PA threshold 
(Australian Bureau of Statistics; “ABS”, 2013). Similarly, less than half (48.5%) of Australian 
adults reported consuming the recommended 2 servings of fruit daily, with only 8% 
consuming 5 or more serves of vegetables a day (ABS, 2013).  
Social determinants of health also contribute to poorer health outcomes - Australians 
living in lower socio-economic status areas have been found to have a higher incidence of 
cancer, higher mortality rates from cancer, and lower 5-year survival rates when compared 
with individuals living in areas of higher socio-economic status (AIHW, 2014).  
 
With an ageing population, increasing incidence of cancer, and longer survival rates following 
diagnosis, there is a need for quality cancer survivorship management, as well as for better 
support in addressing modifiable risk factors for cancer and other chronic illnesses (AIHW, 
2014). 
 
1.1.2 Cancer treatments & related side-effects  
Once an individual has been diagnosed with cancer, a number of treatment options are 
available. These include surgery, chemotherapy, radiation therapy, hormone therapy, 
complementary therapies and/or alternative therapies. Treatment modality selection is 
dependent upon the type, location, grade, and stage of the cancer, as well as the 
physiological condition and age of the diagnosed individual. Each treatment has benefits, 
risks, and associated side-effects.  
1.1.2.1 Surgery involves the attempted removal of the cancer from the body, and may not 
be suitable for each diagnosed individual. Surgery can be prophylactic, diagnostic (e.g. a 
biopsy), curative, debulking (i.e. removal of as much of the cancer as possible), or 
reconstructive (Kerr, Haller, van de Velde & Baumann, 2016). The obvious benefit to surgery 
is the complete, permanent removal of the cancer from the body.  
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1.1.2.1.1 Risks & side-effects include uncontrolled bleeding, damage to surrounding 
tissue, a negative reaction to anaesthesia or other drugs (e.g. decreased blood pressure, 
heart rate, and breathing), post-surgical infection, haemorrhage, lung/breathing 
complications, deep vein thrombosis due to limited mobility post-surgery, as well as irregular 
heart beat and/or kidney problems due to stress (Kerr, Haller, van de Velde & Baumann, 
2016). 
1.1.2.2 Chemotherapy involves the use of drugs that interfere with cell division, impacting 
rapidly dividing cells such as tumour cells, and bone marrow. These drugs are not cancer 
specific, therefore their mechanisms affect normal cells in the body such as the bone 
marrow, digestive tract, skin, hair, and reproductive organs in the same way. Chemotherapy 
may cure some cancers, or assist with other primary treatments. For example, pre-surgical 
administration of chemotherapy can reduce tumour size; or post-surgically, chemotherapy 
may kill any circulating cancer cells capable of metastasising. Chemotherapy can also keep 
circulating cancer cells from establishing and causing recurrence of the disease. When 
cancer is incurable, chemotherapy can aid in controlling tumour growth, which may relieve 
pain caused by the tumour (Kerr, Haller, van de Velde & Baumann, 2016). 
1.1.2.2.1 Risks & side-effects include fatigue, appetite changes, nausea, vomiting, hair 
loss, darkened or itchy skin, sunlight sensitivity, brittle nails, mouth sores, memory and 
concentration difficulties, anaemia, infection due to decreased white blood cell count, 
prolonged bleeding due to decreased platelets, hearing changes, constipation, diarrhoea, 
difficulties in sexual functioning, decreased libido, changes to fertility, irregular menstruation 
in women, and neuropathies (Kerr, Haller, van de Velde & Baumann, 2016). Cognitive 
decline is also a common complication following treatment with chemotherapy, with 
implications extending into economic, emotional and interpersonal domains of the patient’s 
life (Boykoff, Moieni, & Subramanian, 2009; Fardell, Vardy, Johnston, & Wincour, 2011). 
1.1.2.3 Radiotherapy is a localized treatment using radiation to kill or damage cancerous 
cells. Radiotherapy may cure the cancer, control the cancer by decreasing its size, or stop 
the cancer from spreading. In the palliative setting, radiation offers pain relief, and can 
control bleeding in tumours (Kerr, Haller, van de Velde & Baumann, 2016). Chemotherapy 
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may also be given in conjunction with radiation as chemotherapy increases cell sensitivity to 
radiation.  
1.1.2.3.1 Risks & side-effects are dependent on the site of treatment, and can include 
fatigue, appetite loss, dry or itchy skin that requires dressings, hair loss, nausea, diarrhoea, 
problems eating, tasting, and swallowing, dental problems, discomfort during sexual 
intercourse, decreased libido, temporary disruption to menstruation, and temporary reduction 
in sperm production (Kerr, Haller, van de Velde & Baumann, 2016). While actual radiation is 
directed toward the tumour or the site the tumour had been, it may also cause damage to 
surrounding healthy cells. 
1.1.2.4 Hormone therapy involves the use of drugs to reduce or block the effect of 
naturally occurring hormones that contribute to cancer cell growth (Souhami, Tannock, 
Hohenberger, & Horiot, 2002). For example, oestrogen can stimulate the growth of breast 
cancer, and hormone therapies aim to block this stimulation. This can prevent cancer 
recurrence and reduce the risk of secondary breast cancer development (Breast Cancer 
Network Australia, 2013). Similarly, androgens (e.g. testosterone) can stimulate the growth of 
prostate cancer cells - androgen deprivation therapy aims to reduce levels of male hormones 
in the body as part of prostate cancer treatment (Smith, 2007).  
1.1.2.4.1 Risks & side-effects depend on type of hormonal therapy, and may include hot 
flushes, vaginal dryness and irritation, thinning of hair and nails, joint pain, disrupted 
menstruation, loss of bone density, and increased risk of osteoporosis (Breast Cancer 
Network Australia, 2013). In addition to loss of bone density and increased risk of 
osteoporosis, androgen deprivation therapy has been associated with increased risk of 
fracture, incident diabetes and cardiovascular disease for men with prostate cancer (Smith, 
2007).  
1.1.2.5 Complementary therapies have been suggested to provide physical, emotional 
and spiritual support during the course of cancer treatment, as well as to reduce some side 
effects from medical treatment (Olver & Robotin, 2011). Complementary therapies include 
relaxation, meditation, visualization, aromatherapy, acupuncture, reflexology, massage, as 
well as music and art therapy.  
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1.1.2.6 Alternative therapies are used as an alternative to medical cancer treatment 
modalities and include, but are not limited to: naturopathy, traditional Chinese medicines, 
homeopathy, Ayurvedic medicine, hypnotherapy, and naturopathic nutrition (i.e. diet based 
therapy) (Olver & Robotin, 2011).  
1.1.2.7 Functional side-effects of cancer treatment include – but are not limited to – 
loss of general functioning (i.e. muscoskeletal, cardiovascular and cardiopulmonary); 
complications with performing activities of daily living (i.e. feeding, bathing, dressing: 
(ADLs)); increased risk of infection; arthralgia; pain; numbness; lymphoedema; reduced bone 
mass; and changes in body composition (Courneya, 2003). Fatigue (Ahlberg, Ekman, 
Gaston-Johansson, & Mock, 2003), increased risk of other common chronic conditions such 
as cardiovascular disease, diabetes, and or osteoporosis (Schmitz et al., 2005), as well as 
cognitive decline (Boykoff, Moieni, & Subramanian, 2009; Fardell, Vardy, Johnston, & 
Wincour, 2011) are also common.   
 
For an individual treated with one or more modalities, the myriad of associated side effects 
can be immense, difficult to manage, and the associated complications can reduce overall 
QoL. It is not hard to imagine the difficulty faced by a cancer survivor who, after completing 
adjuvant chemoradiation, re-enters the workforce whilst experiencing cognitive decline, or 
attempts to carry out independent ADLs such as grocery shopping, cooking, or gardening 
whilst coping with neuropathy, nausea and photosensitivity.  These challenges can be long-
lasting, and associated stressors can further reduce QoL (AIHW, 2014). It is clear that 
research into options for the management and at least partial alleviation of these debilitating 
side-effects in cancer survivorship is important.  
 
1.2 PHYSICAL ACTIVITY 
Based on its effect on the body, physical activity (PA) is generally grouped into three types – 
aerobic exercise, anaerobic exercise, and flexibility (National Institutes of Health, (NIH) 
2006). Aerobic exercise tends to be longer in duration, and includes any PA using large 
muscle groups which cause the body to consume more oxygen than whilst at rest. Brisk 
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walking, running, swimming, hiking, cycling, and tennis are all examples of aerobic exercise. 
Anaerobic exercise (e.g. resistance training) is any high intensity, short duration PA 
commonly used to firm, strengthen, and tone muscles, and includes added benefits of 
increases in bone strength, balance, and co-ordination (NIH, 2006). Examples of anaerobic 
exercise include push ups, squats, lunges, weight training, sprinting, and high-intensity 
interval training – an enhanced form of interval training alternating short bursts of anaerobic 
exercise with short interval recovery periods (Laursen & Jenkins, 2002). Flexibility exercises 
aim to stretch and lengthen muscles, improving joint flexibility and range of motion whilst 
reducing chances of muscular injury (NIH, 2006).  
For adults in Australia, the weekly PA guidelines recommended by the Australian 
Government Department of Health are to accumulate 150-300 minutes (2.5 - 5 hours) of 
moderate intensity PA, or 75-150 minutes (1.25 - 2.5 hours) of vigorous intensity PA, or a 
combination of both, irrespective of culture, gender, or ability (Brown, 2012).  
 
1.2.1 Benefits of physical activity in the general population 
Physical inactivity in general has been shown to be a risk factor for the development of a 
number of chronic diseases other than cancer, including ischaemic heart disease, stroke, 
Type 2 diabetes, kidney disease, arthritis, osteoporosis, as well as depression (AIHW, 
2012a). In a global study of the economic burden of physical inactivity, it was estimated that 
coronary heart disease, stroke, Type 2 diabetes, breast and colon cancer attributable to 
physical inactivity cost health care systems International $53.8 billion in 2013 (Ding et al, 
2016). Furthermore, it was found that 13.4 million disability-adjusted life-years (i.e. years of 
life lost due to disability and/or premature mortality) were lost due to the same (Ding et al., 
2016). Overall, physical inactivity has been identified as a major risk factor for premature 
mortality and morbidity (Lee et al., 2012; Paffenbarger, Hyde, Wing & Hsieh, 1984; Wen, Wai 
& Tsai, 2011), with more than 5 million deaths globally per annum being attributed to not 
meeting PA recommendations (Lee et al., 2012).  
Aside from reducing the risk of premature mortality, the benefits of regular, moderate 
PA in the general population have been well documented and associated with both physical 
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and mental health, across a range of disease types. Benefits include: prevention of coronary 
heart disease; stroke prevention; reduced risk of developing Type 2 diabetes; reduced risk of 
neurocognitive deficits such as development of Alzheimer’s disease and dementia; reduced 
blood pressure; increased bone density; improvements in body composition; reduction in 
body fat mass; and prevention of falls in older adults (Ngandu et al., 2015; Norton et al., 
2014; Penedo & Dahn, 2005; Vogel et al., 2009). PA has also been found to eliminate the 
risk of premature mortality that is specifically associated with sitting more than 8 hours a day 
– namely, doing 60-75 minutes of moderate-intensity PA daily significantly lowered the risk of 
death across 1 million individuals (Ekelund et al., 2016).  
Aerobic exercise in particular has been shown to improve executive functioning and 
memory in older adults (Colcombe & Kramer, 2003); improve learning and memory; enhance 
neuroplasticity; promote neuroprotection; delay age-related cognitive decline; and alleviate 
as well as prevent depression (Cotman, Berchtold, & Christie, 2007). Furthermore, regular 
PA has been implicated in reducing anxiety (Guszkowska, 2004; King, Barr & Haskell, 1993), 
and increasing social support by way of, for example, attending exercise classes 
(Chogahara, O’Brien Cousins & Wankel, 1998). Both aerobic  and anaerobic exercise have 
commonly been implicated in promoting psychological wellbeing via the reduction of stress, 
improvement of mood, and alleviation of anxiety (Norris, Carroll & Cochrane, 1990; 
Strickland & Smith, 2014; Tsutsumi, Don, Zaichkowksy, & Delizonna, 1997). 
Anaerobic exercise has been shown to reduce blood glucose prior to meals (Borer et 
al., 2009), reverse glucocorticoid use-related muscular atrophy (Czerwinski, Kurowski, 
O’Neill, & Hickson, 1987; Horber et al., 1987), as well as decrease plasma cortisol levels 
(Cornil et al., 1965). Cortisol, a hormone that is released when an organism is under stress, 
is known to affect immune function, which in turn mediates an organism’s susceptibility to 
infection (Cohen & Williamson, 1992).  
Finally, being outdoors in nature also has direct health benefits which have been 
noted as early as 370BC by Hippocrates, who emphasized health maintenance was 
dependent on the climate, quality of water, and the environment (Steg, Van den Berg & 
Groot, 2013). As such, there may be secondary health gains from doing particular types of 
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PA which involve the outdoors, such as going to a park for a walk. Evidence for this nature-
health benefit link can be found as early as 1984, where patients in hospitals were found to 
need less intensive care post-operatively when recovering in rooms that overlooked natural 
areas with trees (Ulrich, 1984), or when potted plants were placed in their rooms (Park, 
2006). In addition, a greater likelihood of improved mental health and lowered physical 
ailments has been found in populated areas that have a greater percentage of “green space”, 
controlling for socio-economic status variables (De Vries et al., 2003; Sugiyama et al., 2008).  
 
Providing individuals with access and encouragement to do PA across a variety of settings 
that incorporate the outdoors appears to be of significant importance.  
 
1.2.2 Benefits of physical activity in cancer survivors 
In recent years, a growing body of literature has implicated PA in cancer prevention (Kruk & 
Aboul-Enein, 2006; Rogers et al., 2008), as well as survivorship management. Although the 
benefits of engaging in PA for cancer survivors will vary depending on the timing of the 
cancer treatment and the survivors’ disease status (Schmitz et al., 2005), the range of 
potential benefits for cancer survivors specifically has been well examined (Courneya, 2003; 
Courneya & Friedenreich, 1999; Courneya, Mackey, & Jones, 2000; Courneya, Mackey, & 
McKenzie, 2002; Galvao & Newton, 2005; Hayes & Newman, 2006; Oldervoll et al., 2004; 
Pinto & Maruyama, 1999; Smith, 1996). Benefits of PA include reductions in side-effect 
severity (i.e. nausea, fatigue, pain) and length of hospital stay, as well as improvements in: 
chemotherapy completion rate; cardiovascular and cardiorespiratory function; immune 
function; adjustment to illness; body image; self-esteem; strength; and flexibility. Evidence is 
also emerging for improvements in cancer treatment-related cognitive decline following PA 
(Galantino et al., 2008). In one animal study it was found that such cognitive deficits were 
completely reversed following access to PA equipment (Fardell, Vardy, Shah, & Johnston, 
2012). A recent study also found moderate-to-vigorous PA may increase information-
processing speed in breast cancer survivors (Marinac et al., 2015).  
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Recent studies have shown a positive association between PA and improved survival 
rates following breast and colorectal cancer diagnoses, as well as a reduced risk of cancer 
recurrence by half when compared with sedentary individuals diagnosed with the same 
(Abrahamson et al., 2006; Haydon et al., 2006; Holick et al., 2008; Holmes et al., 2005; 
Meyerhardt et al., 2006a/2006b). Additionally, engaging in PA has been consistently found to 
improve fatigue (Brown et al., 2011; Cotman, Berchtold, & Christie, 2007), as well as QoL 
(Brown et al., 2011; Duijts et al., 2011; Ferrer et al., 2011; Speck et al., 2010), for cancer 
survivors. 
 
1.2.3 Adherence to physical activity  
Promoting regular PA worldwide in order to reduce non-communicable disease is crucial 
(Ding et al., 2016). Despite the known benefits, adherence to PA interventions in the general 
population is low (Dishman, 1991), and remains a problem. In terms of PA adherence in 
cancer survivors, it has been shown that approximately 70-80% of individuals affected by 
cancer do not engage in sufficient PA following treatment (Courneya et al,, 2005; Jones et 
al., 2004; Vallance, Courneya, Jone, & Riman, 2005), and that rates of PA in cancer 
survivors are lower than non-cancer controls (Coups & Ostroff, 2005). Although PA cannot 
alleviate all cancer treatment related side-effects, it is clear that engaging in PA is a 
promising option in cancer survivorship management. Furthermore, the chances of improving 
QoL, mental health, survival time, and possibly preventing cancer recurrence render PA a 
beneficial recommendation in general.  
Understanding which factors contribute to a mere 20-30% rate of adherence to PA in 
this population is as such important. Determining differences in any such constructs between 
cancer survivors that engage in regular PA vs. those that do not, may significantly aid in the 
development of future survivorship management programs. This may also have implications 
in providing better education and access to PA in communities in the hope of disease 
prevention overall. 
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1.3 MOTIVATION & BEHAVIOUR 
When examining possible factors that contribute to PA adherence, it is important to initially 
understand behaviour, and the role of various factors that motivate behaviour. A number of 
theories have been proposed to explain why we do what we do, and how we come to do it.  
 
1.3.1 Homeostatic drive theories of motivation 
At the most basic, primitive level, human and animal actions are driven by the need to 
maintain homeostasis (Gleitman, Fridlund & Reisberg, 2003), in order to ultimately ensure 
genetic survival, which is central to the process of evolution and natural selection (Darwin, 
1859). Maintaining optimal homeostasis preserves the internal environment of an organism, 
and involves carrying out near-automatic behaviours that balance: thermoregulation; 
hunger/satiety and energy stores; threat; pain; sex behaviours; and sleep/wake cycling 
(Gleitman, Fridlund & Reisber, 2003). Hunting for food when starving, or fleeing from 
immediate danger are examples of behaviours that require little to no conscious thought. 
Unmet homeostatic needs can override many behaviours - if an individual is starving, or 
experiencing acute pain, they are unlikely to consider doing PA until food is consumed, or 
pain is reduced.  
 
1.3.2 Social motivation 
Beyond maintaining homeostasis, many human motives are grounded in a social context. 
Although a number of social behaviours such as sex, love, and emotion are driven by 
instinct; courtship, sex, family, parenting, and self-esteem are developed with some element 
of social interaction being involved (Gleitman, Fridlund & Reisberg, 2003). The people with 
whom an individual develops, and socializes with across the course of their lives has a 
significant influence on behaviour. 
 Firstly, an individual’s sense of self is influenced by the reactions of others in terms of 
what they do and say (Gleitman, Fridlund & Reisberg, 2003). Self-concept is shaped by how 
others respond and by how an individual has learned to interpret these responses (Gleitman, 
Fridlund & Reisberg, 2003).  
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Secondly, humans have a fundamental need to belong in a group, and once this need 
is fulfilled, shared attitudes, beliefs, and behaviours are developed and integrated within the 
in-group/s (Gleitman, Fridlund & Reisberg, 2003). Attitudes refer to a stable set of mental 
views which are used to assess phenomena as positive, negative or neutral (Ajzen, 2001). 
Because these attitudes become enmeshed with increased repetition of behaviour, group 
attitudes tend to become increasingly similar across time.  
Thirdly, personal schemas that develop over time regarding certain situations and 
others, create mental “templates” for interpreting the world, so that re-learning the same 
information daily is not necessary (Gleitman, Fridlund & Reisberg, 2003). Personal schemas 
develop based on an individual’s social context, and can be quite rigid and difficult to shift. 
What an individual believes is known to influence their interpretation of situations, which in 
turn affects which emotions are experienced, and the behaviour performed as a response. 
For example, if PA is not valued within an individual’s in-group, and that person believes PA 
is an inconvenience, an advertisement on television about an upcoming PA initiative may be 
interpreted as useless, and ignored. However, if an individual values PA as important, they 
may feel happy at the prospect of a new PA program, where they may find others who share 
similar attitudes toward PA, and sign up.  
Finally, a state of ‘cognitive dissonance’ can also motivate behaviour. Cognitive 
dissonance refers to an unpleasant psychological state in which there is a discrepancy 
between two beliefs, or a discrepancy between what an individual does and their beliefs, 
which causes emotional discomfort (Festinger, 1957). Behaviour is driven by the need to 
reduce this discomfort, by either bringing a belief or behaviour in line with the other, or 
engaging in avoidance of situations that increase the dissonance (Festinger, 1957).  
 
It is clear that when understanding behaviour, the beliefs, attitudes, and social norms of an 
individual must be taken into consideration. 
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1.3.3 Environmental Considerations 
Beyond the social environment, behavioural motivation is also grounded in the physical 
environment, and an individual’s reciprocal relationship with it.  
 The concept of “place identity” refers to feelings, meanings, and memories associated 
with particular places in which an individual has been (Proshansky, 1978; Proshansky, 
Fabian & Kaminoff, 1983), and the contribution of these to identity and self-concept, outside 
of social influence (Clayton & Myers, 2015). As an individual spends more time in a 
favourable physical environment, an attachment may be formed, as well as a sense of 
belonging. For example, learning that a park in which an individual plays soccer will be 
replaced by a building may create a sense of loss/anger (Ryan, 2005), which may motivate 
protesting or campaigning behaviour. Conversely, if an individual has had a traumatic fall 
when walking in a park, they may be less likely to engage in PA without access to an 
alternative site which does not act as a reminder of the trauma.  
The physical environment may also act as a stimulus that elicits habitual behaviours 
(which is related to the concept of stimulus control of behaviour (Martin & Pear, 2007)), and 
may have structural features that facilitate or inhibit the expression of behaviours (Martin & 
Pear, 2007). For example, merely having a park nearby may increase the likelihood of doing 
PA, whereas not owning running shoes may reduce the likelihood that an individual will go 
for a run. Some environments may increase the likelihood of behaviour, whereas others may 
act as barriers to the behaviour. An extreme example of the power of environmental cues on 
behaviour is the Robins, David and Goodwin (1974) study, where it was found that 95% of 
United States Servicemen who became addicted to heroin whilst serving in Vietnam during 
1971, did not relapse at home if they were treated for addiction prior to returning (i.e. treated 
for addiction in Vietnam).  
 
The environmental context specific to the individual is as such another important 
consideration in understanding behaviour.  
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1.3.4 Within the cancer context 
A diagnosis, such as cancer, that threatens the health and longevity of an individual is likely 
to disrupt a number of these motivators of behaviour. A cancer diagnosis may not only shock 
an individual’s self-concept, but may also disrupt their schema, beliefs and attitude with 
regard to PA.  
Following diagnosis, different schema with regard to PA are likely to be activated. 
Namely, that PA could now be dangerous, which is likely to affect the individual’s beliefs 
regarding PA (e.g. “PA is something I am no longer able to do”). This may in turn affect their 
previously positive attitude toward PA to be that of uncertainty, fear, and/or general negativity 
(Larsson, Jonsson, Olsson, Gard, & Johansson, 2008). Furthermore, if the individual stops 
PA due to fear, cognitive dissonance may increase if that person continues to believe in the 
health benefits of PA, particularly if PA defined their identity prior to the diagnosis. In 
addition, cues in the environment which may previously have elicited PA may become less 
effective to the individual following diagnosis, if not ceasing to activate the behaviour 
altogether. 
 
As such, understanding motivation and behaviour becomes significantly more complex within 
the context of cancer survivorship, as well as in the domain of health-behaviour change 
overall. 
 
 
1.4  BEHAVIOUR CHANGE THEORIES 
The interaction of physiological, cognitive, social and environmental factors in motivating 
behaviour is complex. When it comes to driving health behaviour change - such as 
increasing PA adherence, improving diet, or reducing alcohol consumption - a number of 
theories of behavioural change have been applied.  
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1.4.1 Social Learning Theory/Social Cognitive Theory (‘SCT’; Bandura, 1977; Bandura, 
1986)  
In order for a behaviour to be carried out, it must first be learned. SCT posits that learning 
requires observing, processing information, and producing similar actions to an observed 
model, which requires cognitive processing. SCT adds the concept of vicarious conditioning - 
that observing consequences of a behaviour happening to someone else (i.e. a model) are 
enough for an individual to learn that carrying out that behaviour is either beneficial or not. 
SCT as such incorporates cognition and learning in a social context, in addition to the 
principles of classical and operant conditioning (i.e. reinforcement/punishment; see Skinner, 
1974).  
 SCT emphasizes that cognition is grounded in the social context, and that triadic 
reciprocal causation occurs between an individual’s cognition, environment, and behaviour 
such that each influences the others across the lifespan. Namely, what an individual thinks 
affects their environment, and how they behave; while how the individual acts, and the 
culture in which they are raised, influences their cognitions, and so forth.   
Additionally, SCT involves the components of self-efficacy, modelling, identification 
and outcome expectancies:  
1.4.1.1 Self-efficacy is defined as the belief in one’s ability to carry out a particular 
behaviour. If an individual has self-efficacy for a behaviour, there is an increased likelihood 
that that behaviour will be learned and repeated. For example, if a child believes they can 
play soccer with their dad, it is more likely they will go for a game than if they do not believe 
they can do it.  
Levels of self-efficacy vary between individuals, and strategies that promote 
development of self-efficacy for a behaviour have been suggested to include: breaking 
complex tasks down into smaller, achievable parts; learning whilst in a relaxed emotional and 
physical state; providing clear modelling of the behaviour by a model with whom the 
individual identifies; as well as giving encouragement throughout the process (McAlister, 
Perry & Parcel, 2008).   
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1.4.1.2 Modelling requires the observer’s attention, replication, production and 
motivation processes. The observer must be able to attend to the model, value the behaviour 
in some way, remember the features of the behaviour via cognitive rehearsal and 
comprehension, be physically and cognitively capable of reproducing the behaviour, and be 
motivated, expecting similar consequences for themselves to what they have observed.  
1.4.1.3 Identification behaviour is proposed to have a higher chance of being 
learned if the observer identifies with the model (e.g. an elderly male is unlikely to identify 
with a female supermodel half his age). 
1.4.1.4 Outcome Expectancies refers to the anticipation of a particular set of 
contingencies that are likely to occur given the environmental context of an individual. For 
example, the consequences of adultery, or shoplifting differ across cultures.   
 
Since we observe social interactions, experiences of others, and media on a daily basis, SCT 
has been widely used in health campaigns attempting to increase health-promoting 
behaviours. Evidence for media effectiveness in influencing behaviour is vast, and originates 
with the Bobo doll experiment where children imitated aggressive behaviours with the dolls 
after watching a video of adults behaving in the same manner (Bandura, Ross & Ross, 
1963). Bandura (1986) extends this effect to written and verbal modelling - for example, 
reading about powerful and successful men and women in history can motivate an individual 
to emulate their actions. Similarly, “following” famous fit and active celebrities on social 
media such as Instagram with whom an individual identifies may drive their decision to watch 
television or go for a walk after work. 
 A recent meta-analysis of SCT’s utility in predicting PA in 44 studies found that SCT 
accounted for 31% of the variance in behaviour, and that self-efficacy was consistently 
associated with PA (Young, Plotnikoff, Collins, Callister & Morgan, 2014).  
 Despite these promising effects, physical inactivity – in addition to poor diet, and 
excessive alcohol consumption – remains a prevalent global health concern today (Ding et 
al., 2016; WHO, 2008). It is apparent that additional factors must be considered in successful 
mobilization of health behaviour.  
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1.4.2 The Theory of Planned Behaviour (‘TPB’; Ajzen, 1991) 
Ajzen (1991)’s Theory of Planned Behaviour (see Fig 1), is possibly the most frequently 
applied and examined behaviour change theory (Armitage & Connor, 2001). TPB similarly 
incorporates cognitive and social factors, as well as the degree of belief in one’s ability to 
carry out a behaviour. Beyond this, TPB posits that behaviour is a direct result of an 
individual’s intention – or decision – to carry out a specific behaviour, and that intentions are 
influenced by three basic determinants. These include an individual’s attitude toward the 
behaviour, related subjective norms, and the perceived behavioural control the individual has 
over performing the behaviour (PBC).   
TPB is an extension of the Theory of Reasoned Action (‘TRA’; Fishbein, 1967; 
Fishbein & Ajzen, 1975). TRA also assumes that behaviour is best predicted by an 
individual’s intention to carry out that behaviour, and that intention is determined by attitudes 
toward the behaviour, and subjective norm. Many behaviours, however, are not always under 
volitional control – they require skill and resources, particularly when it comes to health 
behaviours such as quitting smoking, using a condom during sexual intercourse, or knowing 
how to use gym equipment. TPB was therefore developed to incorporate PBC as contributing 
to intention, as well as having a direct effect on behaviour.  
1.4.2.1 Attitudes toward a behaviour comprise positive and negative values an 
individual holds toward that behaviour. This construct is determined by beliefs the individual 
has regarding the behaviour and its consequences, such as any benefits, the possibility for 
enjoyment associated with the behaviour, as well as the belief that performing the behaviour 
will actually produce these benefits and joy. For example, an individual who believes PA is 
beneficial, enjoyable and fun will value PA positively. Their attitude toward a PA program will 
likely also be positive, whereas an individual who believes PA is time-consuming and useless 
will have a negative attitude toward the same.  
1.4.2.2 Subjective Norm (SN) refers to the individual’s perceptions of the beliefs and 
attitudes held by their significant others (i.e. parents, spouse, family, friends etc.) toward a 
behaviour. In other words, what is the “norm” with regard to the behaviour in that person’s 
immediate social context. Subjective norms are determined by normative beliefs, or what the 
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individual believes regarding what others think of them performing or not performing the 
behaviour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Theory of Planned Behaviour (Ajzen, 1991) 
 
 
For example, if an individual’s friends engage in PA and value working out at the 
gym, they are likely to commend a person’s progress in starting a gym program. This 
individual will believe their friends think positively of their going to the gym, as this is the 
norm within their group. As previously discussed, this can have positive consequences for 
that person’s self-concept, sense of belonging, and self-esteem. Alternatively, if the individual 
believes their friends and family will think he/she is wasting their time at the gym, this may 
affect their attitude and intention strength in starting or continuing the gym program.  
1.4.2.3 Perceived Behavioural Control (PBC) – is defined as the perceived ease or 
difficulty of performing a behaviour. This concept is similar to self-efficacy (Bandura, 1986), 
and is also influenced by the individual’s belief that the skills and/or resources necessary to 
perform the behaviour are, or are not, available (i.e. control beliefs). PBC is proposed to also 
have a direct affect on behaviour, over and above intention, as shown in Fig 1 by a dashed 
arrow. For example, if a person knows how to use gym equipment or has friends to show 
them, this will positively affect their intention to go to the gym. Similarly, if the individual lacks 
strong intentions to go to the gym, simply believing in their ability to navigate and use gym 
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equipment may be enough to get them to the gym regardless (e.g. “I don’t want to go to the 
gym as I am tired, but I know what I am doing there so I’ll go anyway”). In contrast, an 
individual who lacks control beliefs in the same circumstances may find a gym visit daunting, 
which could reduce their intentions despite positive attitudes toward PA, and the person may 
not go at all.  
1.4.2.4 Intentions - or the readiness to carry out a behaviour - are proposed to 
directly predict the behaviour itself. Stronger intentions to act, according to TPB, increase the 
likelihood that the behaviour will be performed. Intentions may be strengthened or weakened 
by the combined effect of the individual’s attitude, subjective norms and perceived 
behavioural control with regard to that behaviour. Despite a having a positive attitude toward 
PA (stronger intention), if an individual’s family believes PA is a waste of time (SN), this may 
decrease intention strength to go to a park for a run. Similarly, if the individual perceives 
(PBC) little to no control over a run in the park (e.g. lacks running shoes, is unsure about how 
long to run for, or fears injury), this may further weaken their intention to the point of no PA at 
all. Alternatively, an individual with a negative attitude toward PA (e.g. it is inconvenient and 
costs too much) may be more likely to go for a run in the park if they were recently given 
running gear as a gift, and a group of their friends had planned a run in the park together.  
Targeting these three influencers is suggested to increase intentions, and as such the 
likelihood of successful health behaviour change.  
1.4.2.5 Efficacy of the Theory of Planned Behaviour  A meta-analysis based on 
185 independent studies of TPB’s efficacy revealed that variance in attitude, SN, and PBC 
accounted for, on average, 39% of the variance in intentions, and 27% of the variance in 
behaviour (Armitage & Connor, 2001). Furthermore, it was found that TPB accounted for 
11% more variance in behaviour when measures of behaviour were self-report, rather than 
objectively measured. Armitage and Connor (2001) confirmed TPB’s utility in explaining 20% 
of the variance in prospective measures of actual (observed) behaviour. 
A more recent meta-analysis of 206 prospective TPB studies found that attitude, SN 
and PBC together accounted for more variance in intention than stated above (44.3%), 
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however, intention and PBC accounted for considerably less variance in behaviour (19.3%; 
McEachan, Connor, Taylor & Lawton, 2011). 
1.4.2.5.1 Theory of Planned Behaviour & PA Adherence - Hagger, Chatzisarantis and 
Biddle (2002) conducted a meta-analysis of approximately 70 studies examining TPB’s 
efficacy in predicting PA specifically, which similarly revealed 44.5% of the variance in PA 
intention, and 27.4% of the variance in PA behaviour explained. The latter variance was 
similarly found in McEachan, Connor, Taylor and Lawton (2011), with 23.9% of the variance 
in PA behaviour accounted for by intention.  
When adding measures of self-efficacy (i.e. the belief in one’s ability to carry out a 
behaviour (Bandura, 1977)), inclusive of PBC (i.e. an individual’s perception of ease/difficulty 
of performing the behaviour), the variance accounted for increased to 50.3%, and 29.1% for 
intention and behaviour, respectively (Hagger, Chatzisarantis & Biddle, 2002).  
In terms of cancer survivors, a number of studies have also demonstrated support for 
TPB’s utility in predicting adherence to PA. This has been shown in various types of cancer, 
including bladder (Karvinen et al., 2009); kidney (Trinh et al., 2012); breast (Vallance, 
Courneya, Rlotnikoff, & Mackey, 2008; Vallance, Lavallee, Culos-Reed, & Trudeau, 2012); 
ovarian (Stevinson et al., 2009); primary brain cancers (Jones et al., 2007); multiple myeloma 
(Jones et al., 2006); and cancer in adolescents and young adults (Belanger, Plotnikoff, Clark, 
& Courneya, 2012).  
 
Although these TPB studies explain some variation in intention and behaviour, individuals 
continue to act/not act despite positive intentions. Specifically, not all cancer survivors 
engage in PA, despite positive intentions to do so. Thus, although intentions have been 
shown to predict behaviour, it is an imperfect relationship, and this is referred to as the 
“intention-behaviour gap” (Sheeran, 2002; Webb & Sheeran, 2006).  
 
1.5 THE INTENTION BEHAVIOUR GAP 
The intention-behaviour (IB) gap (Sheeran, 2002; Webb & Sheeran, 2006) is a widely known 
problem in health psychology, and has been studied across a number of health behaviours. 
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Overall, Webb and Sheeran (2006)’s meta-analysis of 47 experimental studies examining the 
IB gap showed that a medium-to-large change in intention (Cohen’s d = .66) lead to a small-
to–medium change in behaviour (d = 0.36, which is equivalent to r = .18). It has been 
suggested that other factors may better predict and/or moderate behavioural outcomes over 
and above an individual’s intention alone (Web & Sheeran, 2006; Verplanken & Orbell, 
2003).  
For example, in studies focusing on improving sleep hygiene behaviour, it was found 
that implementation intentions (i.e. specifying the what, where and how to respond to 
anticipated future cues) and self-monitoring (Mairs & Mullan, 2015), as well as past 
behaviour and response inhibition (Kor & Mullan, 2011), accounted for more variance in 
behaviour over and above intention alone. High inhibitory control and planning ability was 
also found to mediate the IB gap in 153 university students with intentions to binge-drink 
(Mullan et al, 2011). Past behaviour has been shown to be the strongest predictor of future 
breakfast consumption behaviour (Wong & Mullan, 2009), and to moderate the IB gap in sun 
protection behaviours (Allom, Mullan & Sebastian, 2013). In the latter study, past behaviour 
or habit, and self-regulatory capacity together with intention accounted for 56% of the 
variance in behaviour.  
Many health promoting behaviours tend to lack immediately detectable benefits, and 
are usually inconvenient in some way (Hall & Fong, 2007). The perceived proximity of costs 
and benefits associated with health behaviours has also been proposed to impact the IB gap.  
Collins and Mullan (2011) found that when past behaviour was added to the predictive 
model, intention was found to predict immediately rewarding behaviours (such as snacking 
on tasty food), but not distally beneficial behaviour (i.e. consuming fruits and vegetables for 
long-term health benefits).   
Finally, the presence of psychological difficulties (e.g. depression, anxiety, eating 
disorders, or stress) may also have a significant although small negative impact on the IB 
gap (Sainsbury, Mullan, & Sharpe, 2012). 
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While TPB appears to be a reasonable predictor of intention and behaviour, it is clear from 
this body of literature that other moderators of the IB gap warrant exploration in order to 
promote health behaviour change.  
 
1.5.1 The Intention-Behaviour gap in physical activity adherence 
Rhodes and Dickau (2012)’s more recent meta-analysis of the IB gap replicated Webb and 
Sheeran (2006)’s review, and confirmed the weak relationship between PA intentions and 
engaging in PA behaviour, which the authors deemed to be below a meaningful value (d = 
.15, equivalent to r = .07).  
A number of studies have examined possible moderators of the IB gap in PA 
specifically, using a variety of theories beyond TPB which attempt to explain behaviour 
change. Significant moderators for consideration include action planning (implementation-
intentions) and coping planning; self-efficacy; action control/self-regulatory effort; beliefs; 
psychological and physiological factors; and the environment (see Table 1 for details of 
studies). 
1.5.1.1 Action Planning/Implementation intentions & Coping Planning: It has been 
suggested that individuals remember their intentions better when these are specified in a 
“when”, “where”, and “how” manner (Schwarzer, 1992; Sheeran, 2002). According to the 
Health Action Process Approach (“HAPA”: Schwarzer, 1992), action planning (or 
implementation intentions) refers to planning the where, when and how an individual will 
engage in the behaviour. Coping planning refers to identifying potential barriers and 
obstacles to carrying out the behaviour, and planning the “how” of overcoming these 
setbacks. Essentially, including a pre-determined plan for what to do, and how to do it, at the 
start of and during the behaviour change process is suggested to increase the likelihood of 
successful change (as opposed to relying on intention alone). Eight studies of PA adherence 
found that the inclusion of an action plan significantly mediated the IB gap over and above 
intention alone across a number of populations including undergraduate students (Hall et al., 
2012), railway employees (Reuter et al., 2010), orthopaedic patients (Lippke et al., 2004), 
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cardiac rehabilitation patients (Schwarzer et al, 2008; Sniehotta et al., 2005; Sniehotta et al., 
2005), and the general population (Scholz et al., 2008; Schwarzer et al., 2007).  
Coping planning has been suggested as a critical self-regulation strategy for PA 
maintenance (Scholz et al., 2008), with action planning generally more influential early in the 
behaviour change process, and coping planning becoming influential later (Sniehotta et al., 
2005). For example, in a study of 352 coronary heart disease patients, high levels of coping 
planning predicted higher levels of PA adherence four months following patient discharge 
(Sniehotta et al., 2005). Three of the previously mentioned eight studies also found coping 
planning to moderate the IB gap in PA adherence (Reuter et al., 2010; Scholz et al., 2008; 
Sniehotta et al., 2005b).  
1.5.1.2 Self-efficacy is defined as the belief in one’s ability to carry out a particular 
behaviour (Bandura, 1986). It was found that recovery self-efficacy (i.e. the belief in one's 
ability to resume PA following any setback/s (Schwarzer, 1992)) was a significant predictor of 
PA adherence in cardiac (N = 353) and orthopaedic (N = 368) rehabilitation patients 
(Schwarzer et al., 2008), as well as the general population (N = 365; Schwarzer et al., 2007). 
Together with intention, recovery self-efficacy was also found to predict running/jogging 
behaviour after two years in 139 runners (Luszczynska et al., 2005).  
Maintenance self-efficacy (i.e. the perceived ability to maintain a new behaviour, develop 
a routine, and cope with unexpected barriers during maintenance phase (Schwarzer, 1992)) 
was similarly found to mediate the IB gap with regard to PA (Sniehotta, 2005b).  
1.5.1.3 Action control refers to three facets: being aware of standards for a new 
behaviour, self-monitoring whilst the behaviour is still new, and self-regulatory effort (i.e. 
some form of self-control by engaging cognitive processes such as inhibition (Schwarzer, 
1992)).  
It has been found that action control mediates the IB gap in PA over and above intention 
(Sniehotta et al., 2005b), and that it may help to maintain intentions in circumstances where it 
may be particularly difficult to (Sniehotta et al., 2005b; Sniehotta et al., 2006).  
1.5.1.3.1 Self-Regulatory Effort/Executive functioning Executive functioning in general 
has been suggested to predict unique variance in PA adherence, and found to be a strong 
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moderator of the IB gap in this domain (Hall et al., 2008). High levels of behavioural inhibition 
specifically have been found to demonstrate stronger IB relationships, despite environmental 
circumstances (Hall et al., 2012). In addition, self-regulatory processes such as monitoring 
goal progress have been shown to at least partially mediate the IB gap in PA (de Bruin et al., 
2012).  
1.5.1.4 Psychological and physiological factors How an individual feels when forming 
intentions to do PA (e.g. alert, energetic, unhappy or downhearted) has been shown to 
account for significantly more variance in PA adherence than intention alone (Mohiyeddini et 
al., 2008). Interestingly, it has also been found that minor motor movements as opposed to 
just imagining engagement in PA explained more variance in the IB gap than intention alone 
(Sherman et al., 2009). The latter follows from the embodied cognition perspective, 
according to which attitudes, knowledge and emotions are processed through bodily 
interactions with stimuli, rather than based solely on mental representations and cognitive 
processing (Barsalou, 1999; Niedenthal, 2007). For example, physically approaching a 
stimulus can lead to the development of a positive attitude, whereas avoiding the stimulus 
may lead to a negative attitude formation (Sherman et al., 2009).  
1.5.1.5 Environment Rhodes et al. (2006) found that perceived ease of access and 
proximity to PA facilities in an individual’s environment significantly moderated the IB gap. It 
was suggested that individuals with close and easy access to walking-related infrastructure 
may be more likely to follow through with walking plans than those without access (Rhodes 
et al., 2006). Furthermore, time of day was found to be a significant mediator such that there 
was a greater inconsistency between intentions and behaviour during evenings, and that 
mornings were a more desirable time of day to plan to do PA (Bailey et al., 2004).  
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Table 1. Moderators of the intention-behaviour gap ("IBG") in physical activity behaviour 
Significant 
Moderating Variable 
Authors Sample N Method/Measurement 
Behaviour 
Change Theory 
Major findings 
Action 
Planning/Implementation 
Intentions 
 
Hall et al. 
(2012) 
Undergraduate 
students = 276 
Questionnaires at 
baseline & 1 week follow-
up 
Temporal Self-
Regulation Theory 
(Hall & Fong, 2007) 
1. Implementation intentions  (i.e. where, when and how participants will engage in 
activities designed to meet their goals for PA as well as which barriers may get in 
way of achieving their PA goals, incl. planned means of overcoming barriers) may 
be more potent under difficult environmental conditions and that this may benefit 
those with low executive function (Inhibition) 
 
Lippke et al. 
(2004) 
Orthopaedic 
patients = 509 
Questionnaires 
administered across 4 
timepoints  
Health Action 
Process Approach 
(Schwarzer 1992) 
1. Action planning (i.e. the when, where, & how of implementing 
PA/Implementation intentions) explained further variance in IBG 
 
Reuter et al. 
(2010) 
National railway 
company 
employees = 
265 
Questionnaires at 
baseline & 1 month 
follow-up 
- 
1. Action planning (i.e. the when, where, & how of implementing PA) explained 
further variance in IBG 
2. Age moderated the effect of planning as a mediator of IBG (i.e. the effect of 
planning on the IBG has been previously assumed to increase with age) 
 
Scholz et al. 
(2008) 
General 
population = 354 
Questionnaires at 
baseline & 5 week follow-
up 
Health Action 
Process Approach 
(Schwarzer, 1992) 
1. Action planning accounted for substantially more variance in behaviour than 
intention alone 2. Action planning predicted behaviour only when intention was 
high  
 
Schwarzer 
et al. (2007) 
General 
population = 365 
Questionnaires 
Health Action 
Process Approach 
(Schwarzer 1992) 
1. Action planning (referred to as "strategic planning" by authors) was found to be 
a proximal predictor of PA  
 
Schwarzer 
et al. (2008) 
Cardiac 
rehabilitation 
patients =353; 
Orthopaedic 
rehabilitation 
patients = 368 
Questionnaires 
administered across 3 
time points 
Health Action 
Process Approach 
(Schwarzer 1992) 
1. Action planning was found to be an effective predictor of PA adherence  
 
Sniehotta et 
al. (2005) 
Cardiac 
rehabilitation 
patients = 352 
Questionnaires at 
baseline with 2 post-
discharge follow up 
timepoints 
- 1. Action planning was more influential early in the rehabilitation process 
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Sniehotta et 
al. (2005b) 
Cardiac 
rehabilitation 
patients = 307 
Questionnaires at 
baseline with 2 post-
discharge follow up 
timepoints 
Health Action 
Process Approach 
(Schwarzer, 1992) 
1. Action planning mediated the IBG making a unique contribution to variance 
explained  
Coping Planning 
Reuter et al. 
(2010) 
National railway 
company 
employees = 
265 
Questionnaires at 
baseline & 1 month 
follow-up 
- 
1. Coping planning (i.e. the anticipation of barriers to PA, & how to overcome 
these) explained further variance in IBG  2. Age moderated the effect of planning 
as mediator of IBG 
 
Scholz et al. 
(2008) 
General 
population = 354 
Questionnaires at 
baseline & 5 week follow-
up 
Health Action 
Process Approach 
(Schwarzer, 1992) 
1. Coping planning mediated the IBG when participants had been active in the 
past 2. Coping planning is a critical self-regulation strategy to PA maintenance 
 
Sniehotta et 
al. (2005) 
Cardiac 
rehabilitation 
patients = 352 
Questionnaires at 
baseline with 2 post-
discharge follow up 
timepoints 
- 
1. High levels of coping planning post-discharge predicted higher levels of PA at 4 
months post-discharge 2. Coping planning was more influential later in the 
rehabilitation process  
Recovery Self-Efficacy 
Luszczynska 
et al. (2005) 
Runners =139 
Questionnaires at 
baseline & 2 year follow-
up 
Social Cognitive 
Theory (Bandura, 
1997) 
1. Recovery self-efficacy (i.e. the belief in one's own ability to resume PA following 
any setback/s) and intention together predicted running/jogging behaviour 2 years 
later 
 
Schwarzer 
et al. (2007) 
General 
population = 365 
Questionnaires 
Health Action 
Process Approach 
(Schwarzer 1992) 
1. Recovery self-efficacy  was found to be a proximal predictor of PA 
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Schwarzer 
et al. (2008) 
Cardiac 
rehabilitation 
patients =353; 
Orthopaedic 
rehabilitation 
patients = 368 
Questionnaires 
administered across 3 
time points 
Health Action 
Process Approach 
(Schwarzer 1992) 
1. Recovery self-efficacy was found to be an effective predictor of PA adherence 
Maintenance Self-
Efficacy 
Sniehotta et 
al. (2005b) 
Cardiac 
rehabilitation 
patients = 307 
Questionnaires at 
baseline with 2 post-
discharge follow up 
timepoints 
Health Action 
Process Approach 
(Schwarzer, 1992) 
1. Maintenance self-efficacy (i.e. the perceived capability to maintain a new 
behaviour, develop a routine, and cope with unexpected barriers during 
maintenance phase) mediated the IBG making a unique contribution to variance 
explained 
Action Control 
Sniehotta et 
al. (2005b) 
Cardiac 
rehabilitation 
patients = 307 
Questionnaires at 
baseline with 2 post-
discharge follow up 
timepoints 
Health Action 
Process Approach 
(Schwarzer, 1992) 
1. Action control (i.e. self-monitoring, awareness of standards, and self-regulatory 
effort) mediated the IBG making a unique contribution to variance in behaviour 
explained 
 
Sniehotta et 
al. (2006) 
Post-
rehabilitation 
cardiac patients 
= 122 
Questionnaires from 
rehabilitation discharge 
date across 2 time points 
- 
1. Action control maintained intentions that were difficult to implement 2. Action 
control predicted changes in PA intentions within first 2 months following 
discharge. 3. Self-monitoring and self-regulatory effort mediated this specifically 
between Time 1 and Time 2  
Executive Function 
(Inhibition) 
Hall et al. 
(2012) 
Undergraduate 
students = 276 
Questionnaires at 
baseline & 1 week follow-
up 
Temporal Self-
Regulation Theory 
(Hall & Fong, 2007) 
1. Higher executive function (inhibition) demonstrated a stronger IB relationship 
irrespective of favourable/unfavourable environmental conditions 
 
Hall et al. 
(2008) 
Undergraduate 
students = 64  
Questionnaires; Go/No-
go cognitive performance 
task 
Temporal Self-
Regulation Theory 
(Hall & Fong, 2007) 
1. Executive function predicted unique variance in PA 2. Executive function 
strongly moderated the IBG 
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Monitoring Goal 
Progress 
de Bruin et 
al. (2012) 
General 
population = 499 
Questionnaires 
administered across 3 
timepoints  
Control theory 
(Carver & Scheier, 
1982, 1998) 
1. Self-regulatory process of monitoring goal progress at least partially (and 
possibly fully) mediated the IBG 
Intention-Associated 
Emotional Appraisal 
Mohiyeddini 
et al. (2008) 
General 
population = 237  
Questionnaires 
administered prior to 
every exercise session for 
8 weeks  
- 
1. Intention-associated emotional appraisals (i.e. how one feels whilst intending to 
carry out PA, e.g. alert, energetic, unhappy, downhearted) predicted substantially 
more variance in PA frequency and PA duration than intention alone  
Motor Engagement 
Sherman et 
al. (2010) 
Undergraduate 
students N=61 
Questionnaires 
administered 1 week 
following participants 
having watched a PA 
video whilst either 
carrying out motor 
manipulations (walking on 
the spot), or watching the 
same PA video without 
any movement 
manipulation (control) 
Embodied Cognition 
Perspective 
(Barsalou, 1999; 
Niedenthal, 2007) 
1. Minimal, health-relevant motor manipulations made during intention formation 
may facilitate health behaviour change and greater IBG variance explained (i.e. 
Participants who engaged the motor system had stronger IB consistency than 
those who simply imagined themselves performing PA) 
Perceived Access to 
Facilities 
Rhodes et 
al. (2006) 
Employees from 
three large 
organizations = 
887  
Cross-sectional 
questionnaires at 
baseline with a 6-month 
follow-up 
- 
1. Perceived environmental access to recreational facilities moderated the IB 
relationship (i.e. Participants who perceived closer access to recreation facilities 
had a larger IB relationship) 
Time of Day 
Bailey et al. 
(2014) 
Working Adults 
= 115 Students 
= 191 
Questionnaires - 
1. Greater inconsistency between intention and behaviour during evenings 2. 
Greatest number of intentions not carried through were for intentions made for 
action between the hours of 5pm and 8pm 
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Human behaviour is complex, and it is difficult to conceptualize a single model that is able to 
account for each variable that contributes to closing the IB gap, nor an intervention that could 
address all such factors. Nevertheless, numerous theories have attempted to combine 
physiological, psychological, social and environmental factors in the attempt to promote health 
behaviour change. Of these, Temporal Self-Regulation Theory (Hall & Fong, 2007) is a 
relatively recent model that adds four of the factors that have been discussed in this section to 
the Theory of Planned Behaviour (TPB) in an attempt to bridge the IB gap. Namely, the 
perceived benefits and costs of the behaviour, past behaviour, self-regulatory capacity, and the 
environmental context of the individual relevant to the health behaviour.  
 
1.6 TEMPORAL SELF-REGULATION THEORY (TST; HALL & FONG, 2007) 
Hall and Fong (2007) highlight that TPB assumes human behaviour is goal-directed and 
rational. In many health-related behaviours, this is not the case – for example smoking, having 
unprotected sex, and not exercising. Despite knowing the risks associated with these 
behaviours, individuals persist regardless. TST (see Fig 2) attempts to explain such 
counterintuitiveness by incorporating the perceived immediacy of benefits associated with that 
behaviour (temporal valuations); the individual’s habitual and biological predisposition 
(behavioural prepotency); their personal self-regulatory capacity (executive control resources); 
and limitations imposed by the environment specific to that behaviour (ambient temporal 
contingencies), in addition to intention in explaining behaviour change.  
1.6.1 Connectedness beliefs refer to beliefs regarding the connection of current 
behaviours to later outcomes, and are generally influenced by society (i.e. family, friends, 
culture, personal experience). Such values and beliefs may also differ between populations, for 
example, an individual living in lower than average life expectancy circumstances (e.g. disease 
affected populations) would likely have weak connectedness beliefs that their present actions 
will affect future outcomes. Connectedness beliefs incorporate considerations of socio-
economic status. Hall and Fong (2007) posit this as an important consideration in behaviour 
change modelling. It has been confirmed by Hall and Fong (2013) that employing measures that 
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assess intentions as in TPB (i.e. attitudes, subjective norms, and PBC) are adequate 
measurements of connectedness beliefs.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
 
 
Fig 2. Temporal Self-Regulation Theory (Hall & Fong, 2007) 
 
 
1.6.2 Temporal valuations of a behaviour refer to its short-term benefits/costs, versus its 
long-term benefits/costs. According to TST, most maladaptive behaviours are associated with 
short-term benefits and few short-term costs, yet many long-term costs, and not many long-term 
benefits (e.g. smoking). Similarly, adaptive behaviours – although beneficial in the long term – 
pose many short-term costs, and seemingly few benefits at the time of action. For example, PA 
– despite its many previously mentioned long-term benefits – provides little to no immediate 
“rewards”. After a long day at work, an individual is more likely to make decisions to engage in 
PA based on an evaluation of immediate circumstances, which are generally costs (i.e. time, 
exhaustion, cost, inconvenience, access). Long-term benefits are repeatedly outweighed by 
short-term negative contingencies (despite strong socially supported intentions to exercise).  
1.6.3 Behavioural prepotency  (BP) is defined as “a quantifiable value reflecting frequency 
of past performance and/or the presence of cues to action in the environment” (Hall & Fong, 
2007, p. 14). In other words, BP is a habit, or an internal biological drive, affected by salient 
environmental cues, and past behaviour. As we incorporate experiences based on past 
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behaviour, they can be transformed into automatic responses, and each BP response can also 
be driven by social and/or affective influence. Past behaviour has been shown to be one of the 
best predictors of future behaviour, over and above intention (Verplanken & Orbell, 2003), as 
well as to predict 10% more variance in PA behaviour specifically when combined with intention 
(Hagger, Chatzisarantis, & Biddle, 2002). Habit or past behaviour can also explain irrational 
human behaviour in that smoking can be triggered by a physiological urge, overriding intentions 
to quit.  
1.6.4 Executive control resources  (ECRs) - also referred to as self-regulatory capacity in 
TST - can be defined as “any state- or trait-like factor that affects an individual’s capacity to 
effortfully regulate their own behaviour (e.g. executive functioning, energy levels)” (Hall & Fong, 
2007 p. 15). ECRs have an opposing effect on BP – since by engaging ECRs, an automatic or 
habitual response is more likely to be suppressed. A number of biological bases for behavioural 
self-regulation have been identified – the prefrontal cortex (PFC) and anterior cingulate cortex 
(ACC). The PFC is implicated in working memory, information filtering, coordination of complex 
behaviours, and damage to this area has been shown to result in difficulties with self-regulation 
(Hall & Fong, 2007). ACC’s role in wilful action has been supported both by anatomical, and 
functional behaviour studies, however its precise nature is yet to be determined (Hall & Fong, 
2007). Interestingly, a positive association between differences in brain function and health-risk 
behaviour has been found, this being specific to frontal lobe function, rather than overall 
cognitive ability (Hall, Elias, & Crossley, 2006). ECRs refer to inhibition, working memory, set 
switching, and general executive functioning (Hall & Fong, 2013). 
In terms of PA, intentions of individuals with weak executive function were found to be 
minimally predictive of PA, and this was reversed for individuals with strong executive 
functioning (Hall, Fong, Epp, & Elias, 2008).  
1.6.5 Ambient temporal contingencies The net effect of BP and ECRs is moderated by 
the “ambient temporal contingencies” of that behaviour. This refers to the balance of potential 
costs versus benefits provided by the individual’s ecological context (i.e. physical, social, and 
systemic factors; Hall & Fong, 2013). As such, favourable temporal contingencies (positive, 
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neutral, or minimally negative immediate contingencies of the behaviour), for infrequent or novel 
behaviours, is primarily a function of intention, with less influence of BP and ECRs. 
When behaviour is habitual in nature, for example smoking for many years, quitting 
smoking will be primarily a function of BP and ECRs, with intention to quit being secondary. This 
is due to the high habit strength for smoking, hence the amount of ECRs necessary to suppress 
this habit in order to successfully quit smoking will also be high, despite the strength of intention. 
Where unfavourable temporal contingencies are involved (i.e. negative immediate contingencies 
such as strong urges to smoke a cigarette, and/or unsupportive ecological environments such 
as spending time with friends who also smoke), the effect of ECRs has a primary role.  
When in the same environment, and the new behaviour has become somewhat habitual, 
BP, ECRs, and intention are all primary determinants of behaviour (Hall & Fong, 2007).  In other 
words, the influence of BP and ECRs is expected to increase when the benefits of a health 
behaviour are more distal, and/or when the unhealthy behaviour is habitual, dependent on the 
environmental context at that time. A recent study examining the predictive utility of TST in 
maintaining a healthy lifestyle found participants that were supported by their environment were 
significantly more likely to maintain a healthy lifestyle than when distracted by their environment 
(Booker & Mullan, 2013).  
 
Finally, TST allows for “feedback loops” – for example, those who experience positive outcomes 
from engaging in PA may believe the likelihood of positive outcomes is increased with repeated 
PA. Thus altering connectedness beliefs, as well as temporal valuations of these. Similarly, BP 
for PA increases with repeated participation and adherence, therefore reducing the amount of 
ECRs necessary to continue engaging in PA, and essentially creating a “habit”. This is shown 
by the dashed arrows in Fig 2.   
An example of TST with regard to PA adherence can be made by considering an 
individual who has the intention to start taking gym classes. The intention to attend a gym class 
may be associated with long-term contingencies of changing the individual’s physical 
appearance to look “fit” or “good”. This motivation (motivation sphere, see Fig 2) would predict a 
strong chance of attending the class (observed behaviour). However, attendance would also be 
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dependent on the frequency of past attendance (BP) and state/trait variation in ECRs on 
overcoming unfavourable proximal contingencies (e.g. cost, fatigue, access, time). The more 
unfavourable the ambient temporal contingencies are (e.g. high costs, distance from the gym, a 
long day at work), the more ECRs will be necessary to drive the individual to attend regardless. 
Once attendance occurs and is repeated, ECRs can be relaxed, as the behaviour becomes 
more habit-like (BP). As physical appearance starts to change in a favourable direction, 
proximal benefits of adherence will also increase (connectedness beliefs & temporal valuations). 
If the individual then relocates closer to their gym, ambient temporal contingencies increase in 
favourability, and the individual is more likely to adhere to attending gym classes.  
 
TST builds on TPB by incorporating a number of significant factors that affect an individual’s 
successful behaviour change (see Table 2). Given the benefits of engaging in PA for cancer 
survivors, and the unexplained variance in the IB gap for PA adherence in this population, a 
systematic investigation of TST is needed.  
 
1.7 AIMS & HYPOTHESES 
The present study aimed to investigate proposed moderators of the IB gap in adherence to PA 
in cancer survivors, based on a combination of TPB variables and moderating constructs 
proposed by TST. Due to potential difficulties in the recruitment of cancer survivors from the 
general population, the sample was obtained from one of few pre-existing PA interventions 
offered by the Cancer Council NSW, Australia to cancer survivors with the aim of increasing PA 
adherence. This would allow adequate measurement of adherence to PA from a sample that 
was representative of the population of interest.  
 
It was hypothesized that: 
1. TPB variables will predict intention to adhere to PA.  
2. Perception of greater long-term benefits than immediate costs of PA will increase 
intention to adhere to PA.  
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3. Behavioural prepotency for PA will be positively associated with actual PA 
adherence behaviour.  
4. High executive control resources will be positively associated with actual PA 
adherence behaviour.  
5. Favourable ambient temporal contingencies will be positively associated with 
actual PA adherence.  
6. The inclusion of TST constructs will increase the ability to predict actual PA 
adherence, over and above TPB constructs alone.  
7. Behavioural prepotency, ECRs, and ATC’s will moderate the intention-behaviour 
relationship such that stronger habit strength, high ECR’s, and favourable ATC’s 
will be associated with a stronger intention-behaviour link.  
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Table 2. Comparison of behaviour change theory constructs  
 Factors proposed to predict Intention Factors proposed to predict Behaviour 
Theory Beliefs Attitude Subjective Norm Perc. Beh. Control Time Perspective Intentions Habit/Beh. Prepotency Self-Reg./ECRs Env./ ATCs 
          
 
Theory of Planned 
Behaviour (Ajzen, 1991) 
    -  - - - 
 
Temporal Self-Regulation 
Theory (Hall & Fong, 2007) 
         
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2. METHOD 
2.1 DESIGN  
The present study employed a pre-post test cohort design, in which data was collected 
online at four time points. Time 1 data was collected prior to participants commencing a PA 
intervention run by the Cancer Council New South Wales, Australia – the Exercise and 
Nutrition Routine Improving Cancer Health program (‘ENRICH’; James et al., 2011). Time 2 
data was collected after participants completed ENRICH. Time 3 data was collected 6 
weeks later, and Time 4 data was obtained 6 months after the date participants 
commenced the program.   
2.2 PARTICIPANTS   
The sample comprised 11 male and 43 female cancer survivors. To be eligible, participants 
were required to have received a cancer diagnosis; have been enrolled in an ENRICH 
program; be over 18 years of age; and able to read and speak English. Participants were 
recruited by telephone following their registration with any ENRICH program in New South 
Wales, Australia (see Table 4 for demographic information). Ethical approval was obtained 
from the Human Research Ethics Committee. A total of 171 participants were contacted by 
phone, of which 99 consented to participate. Complete data was obtained from 52 of 99 
participants (i.e. 53% response rate), due to participant attrition and incomplete data sets 
(see Fig 3 for details).  
2.2.1 Physical Activity Intervention – the ENRICH program (James et al., 2011)  
Cancer survivors and family members are made aware of ENRICH via advertising on the 
Cancer Council NSW website, general flyers, and the Sydney Survivorship Clinic (Concord 
General Repatriation Hospital, NSW, Australia). The program may also be recommended to 
cancer survivors suitable to participate in a lifestyle intervention as determined by their 
treating clinician. Individuals complete program-specific screening to ensure suitability of 
the program for them at that time point.  ENRICH runs for six weeks, involving one two-hour 
on-site group session per week. The first hour involves dietary education and counselling. 
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The second comprises 30 minutes of PA-related theory, and 30 minutes of resistance 
training. Home-based activity between sessions is emphasised. Walking is the most 
common home-based activity and participants are provided with a pedometer to measure 
daily step count, an ability-level matched Theraband™ (i.e. rubber band used for resistance 
training), and a daily step log which is reviewed throughout the program. Each group 
includes up to 15 participants, with ages ranging from 24-81 years. No initial assessments 
are taken. There are no official exclusion criteria for participation in the program. All cancer 
types and stages are accepted, however, it is desirable for participants to have a basic 
knowledge of PA and nutrition.  
 A recent evaluation of ENRICH demonstrated it significantly improved levels of PA, 
weight loss, body mass index, and vegetable consumption across multiple cancer types 
(James et al., 2015).  
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   Fig 3. CONSORT Diagram – Participant Attrition 
 
  
   Declined to participate N = 72 
 
   Reason: 
 Poor computer literacy  N = 21 
 Lack of time   N = 20 
 Not answering phone N = 17 
 Not a cancer survivor  N = 5 
 Personal/family reasons   N = 4 
 Poor English   N = 2 
 No admin. rights on comp. N = 2 
 Withdrawn from ENRICH N = 1 
Approached N = 171 
Consented N = 99 
Time 1 (baseline) 
 
Measures completed N = 63 
 
Stroop Task completed N = 62 
 
All NP tasks completed N = 43 
 
ENRICH completed N = 60 
 
Withdrawn N = 36 
 
 Reason:  
  No reason provided N = 14 
 Lack of time N = 8 
 Study too hard N = 6 
 Personal reasons N = 4 
 Computer difficulties N = 2 
 Study too long N = 1 
Time 3 (6 weeks post-ENRICH) 
 
Measures complete N = 34 
 
Not due yet N = 2 
 
Time 4 (6 months after 
commencing ENRICH) 
 
Measures complete N = 16 
 
Not due yet N = 20 
 
Time 2 (post-ENRICH) 
 
Measures completed N = 54 
 
Stroop Task completed N = 52 
 
All NP tests completed N = 42 
 
 
T2 Incomplete N = 9 
 
 Reason:  
  No reason provided N = 5 
 Lack of time N = 3 
 On holidays N = 1 
 
T3 Incomplete N = 26 
 
 Reason:  
 Lack of time N = 13 
  No reason provided N = 4 
 On holidays N = 4 
 Study too hard N = 2 
 Previously w/drawn N = 2
 Personal reasons N = 1 
T4 Incomplete N = 18 
 
 Reason: 
 No reason provided N = 6
 Lack of time N = 5 
  Previously w/drawn N = 5 
 Illness N = 2 
  
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
49 
 
2.3 PROCEDURE  
At Time 1, participants were emailed a unique URL, and completed all measures shown in 
Table 3 online. With the exception of the tasks measuring Executive Control Resources and 
Processing Speed, the same data was collected at Times 2-4 (see Table 3).  
At Time 1 only, the URL was programmed to automatically redirect participants 
using a uniquely assigned ID to another website which assessed Executive Control 
Resources and Processing Speed. The ordering of task presentation began with the Stroop 
task (inhibition) (Stroop, 1935), followed by Go/No Go (inhibition) (White, 1981), Tower of 
London (set switching/planning) (Simon, 1975), Trail Making Test A & B (set 
switching/processing speed) (Reitan, 1958), and concluded with the Automated Operation 
Span task (working memory) (Turner & Engel, 1989).  These neuropsychological constructs 
were measured once only as they were not expected to change during or after the ENRICH 
program.  
The self-report measures were constructed and administered using Qualtrics online 
survey software, versions 2014 - 2016 (Qualtrics, Provo, UT). The neuropsychological tasks 
were administered using Inquisit Web (Version 5; Inquisit, 2016), a cognitive measurement 
software platform which contains previously scripted and tested versions of each cognitive 
test. Inquisit Web records and stores all user responses based on a unique ID. Complete 
data sets and associated summaries of data are available to be exported at any time.  
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Table 3. Administration of measures across Time 1 – Time 4 
 T1 T2 T3 T4 
Variable (Measure) 
(pre-ENRICH) (post-ENRICH) 
(6 weeks post-
ENRICH) 
(6 months post 
commencing 
ENRICH) 
     
PA Adherence (AAS)     
Attitude (TPBQ)     
Subjective Norm (TPBQ)     
Perceived Behavioural Control (TPBQ)     
Intention (TPBQ)     
Time Perspective (TPQ)     
Behavioural Prepotency/Habit strength (SRHI)     
Ambient Temporal Contingencies     
Health-Related Quality of Life (EORTC QLQ-C30)     
Depression (DASS-21)     
Anxiety (DASS-21)     
Stress (DASS-21)    
Demographics     
Executive Control Resources – Inhibition (Stroop + Go/No Go)     
Executive Control Resources – Working Memory (OSPAN)     
Executive Control Resources – Set Switching (TOL + TMT-B)     
Processing Speed (TMT-A)     
 
2.4 MEASURES  
2.4.1 Physical Activity Adherence   
Two measures of PA were included: i) a self-report activity questionnaire; and, ii) step count 
using a pedometer. Due to missing pedometer data being logged by participants and 
malfunctioning pedometer devices, only the questionnaire was a reliable measure of PA 
across time.   
2.4.1.1 The Active Australia Survey (‘AAS’: Brown, et al., 2004): a 13-item measure 
that aims to determine intensity and duration of PA over the previous week. The first 8 
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items assess various types of physical activity e.g. “In the last week, how many times have 
you walked continuously, for at least 10 minutes, for recreation, exercise or to get to or from 
places?” and “In the last week, how many times did you do any vigorous physical activity 
which made you breathe harder or puff and pant? (e.g. jogging, cycling, aerobics, 
competitive tennis)?” This is followed by “What do you estimate was the total time that you 
spent walking in this way in the last week, in hours and/or minutes”.  
The outcome was the estimated time spent performing each type of PA in the past 
week. Type of PA was categorized per the instructions provided by Brown et al. (2004) into 
time spent: walking (WALKTIME); gardening (GARDTIME); doing other vigorous PA 
(VIGTIME); and doing other moderate PA (MODTIME). All responses that were specified in 
hours were multiplied by 60 and added to responses specified in minutes for each question. 
The final measure of PA at Times 1-4 was calculated as the sum of all four types of PA in 
minutes, reported at each time point on the AAS (i.e. Time 1 PA = WALKTIME(T1) + 
GARDTIME(T1) + VIGTIME(T1) + MODTIME(T1); Time 2 PA = WALKTIME(T2) + 
GARDTIME(T2) + VIGTIME(T2) + MODTIME(T2) and so on).  
The final four questions of this measure examine awareness of current public health 
messages regarding PA. These were excluded from the study due to lack of relevance in 
measuring the behaviour of interest. This measure has been used nationally and 
demonstrates good reliability and acceptable validity (Brown et al., 2004).  
 
2.4.2 Theory of Planned Behaviour   
Constructs of attitude, subjective norm, PBC, and intentions were measured employing 
validated TPB measures as recommended by Hall and Fong (2013).   
2.4.2.1 The Questionnaire of the Theory of Planned Behavior regarding the 
practice of physical exercise (‘TPBQ’; Gonzalez, Lopez, Marcos, & Rodriguez-Marin, 
2012): a recently developed and validated 19-item measure specific to PA behaviour, 
where PA is defined as exercising at least six times during the next two weeks. Attitude 
toward PA is measured by 7-items, Subjective Norm by 4-items (e.g. “The majority of 
people important to me think I should exercise at least six times in the next two weeks”),  
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Perceived Behavioural Control (PBC) by 5-items (e.g. “If I wanted to, I could exercise at 
least six times in the next two weeks), and Intention by 4-items (e.g. “I will try to exercise at 
least six times in the next two weeks”).  Each item is scored on a 7-point Likert scale 
(Strongly Disagree-Strongly Agree) with the exception of the Attitude toward PA construct, 
where the anchors differ to reflect specific attitudes toward PA (e.g. “for me, exercising at 
least six times in the next two weeks would be: Not-Important-Very Important, Very 
stressful-Very relaxing” and so on). Measures for each of the four outcome variables were 
calculated by taking the average of responses on items specifically associated with each 
construct (see Gonzalez, Lopez, Marcos & Rodriguez-Marin, 2012).  
The TPBQ has been found to have adequate reliability, internal, and external validity 
(Cronbach’s alpha = .85 - .89 across the four TPB subscales; Gonzalez, Lopez, Marcos, & 
Rodriguez-Marin, 2012).  
 
2.4.3 Temporal Self-Regulation Theory   
With the exception of Ambient Temporal Contingencies (ATCs), all materials used to 
measure TST constructs of Time Perspective, Behavioural Prepotency/Habit strength (BP), 
and Executive Control Resources (ECRs) have been recommended and deemed adequate 
measurements of the corresponding constructs they are assessing by Hall & Fong (2013). 
2.4.3.1 Temporal valuations/Time perspective: was assessed using the Time-
Perspective Questionnaire – exercise version (‘TPQ’; Hall, Fong, & Cheng, 2012). It is a 6-
item measure intended to assess any effect of long-term perspective regarding the 
cost/benefit of PA in predicting intention to adhere to PA. Items are measured on a 7-point 
Likert scale (Disagree very strongly-Agree very strongly), and include questions such as “I 
do not spend much time thinking about my long-term fitness”; “I never consider the long 
term consequences of staying fit before I exercise”; and “I do not have long range fitness 
plans”. The outcome measure was calculated as the mean of responses on all six items, 
including reverse scores for items 2, 5 and 6. A higher score indicates a propensity for long-
term thinking, whereas lower scores indicate less future oriented thinking with regard to PA. 
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This measure has been found to have good test-retest reliability and acceptable internal 
consistency (Cronbach’s alpha = .70; Hall, Fong, & Cheng, 2012).  
2.4.3.2 Behavioural Prepotency/Habit: was assessed using Verplanken & Orbell’s 
Self-report Habit Index (‘SRHI'), a well-known and well-validated measure of habit based on 
history of repetition, automaticity, and expressing identity (Verplanken & Orbell, 2003). The 
measure was adapted to the behaviour being measured (PA) as instructed by Verplanken & 
Orbell (2003). Responses on the 12-items are measured on a 7-point Likert scale (Disagree 
very strongly-Agree very strongly). Items include, for example, “PA is something I do 
frequently”; “PA is something I do without having to consciously remember”; “PA is 
something that would require effort not to do it”; and “PA is something I start doing before I 
realize I’m doing it”. Responses on this measure were summed in order to obtain the 
outcome variable. Higher scores indicate a stronger habit strength for doing PA. This 
measure has been shown to have convergent validity (r = .58) and high test-retest reliability 
(r = .91) (Verplanken & Orbell, 2003).  
2.4.3.3 Executive control resources (ECRs): were assessed using a number of 
neuropsychological tasks specific to the domains of inhibition, working memory, and set 
switching. Inhibition was measured using the Stroop task (Stroop, 1935), and Go/No go 
task (White, 1981); working memory by the Automated Operation Span Task (Turner & 
Engle, 1989); and set switching by Tower of London (Simon, 1975), as well as the Trail 
Making Test – B (Reitan, 1958). A measure of processing speed was also obtained from 
the Trail Making Test – A task (Reitan, 1958), which precedes version B of the task during 
standard administration.  
2.4.3.3.1 Inhibition The Stroop task (Stroop, 1935) is based on the observation that 
individuals take a longer time to name the ink colour of a colour word printed in an 
incongruent colour (e.g. naming the colour yellow when the word black is printed in yellow 
ink), than when the colours match (e.g. naming the colour black when the word is printed in 
black ink). The task consisted of 20 practice trials followed by a block of 84 trials. 
Participants were asked to select the correct colour the target was printed in, out of four 
choices. The task comprised congruent (colour word is printed in congruent colour); 
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incongruent (colour word is printed in an incongruent colour); and neutral (a colour patch) 
stimuli. These were presented randomly. The outcome was calculated as the difference 
between average response latency between incongruent and neutral stimuli (i.e. 
INCONGRUENT latency less CONTROL latency, in milliseconds). A large difference in 
score is considered representative of a deficit in interference control (Fulham & Mullan, 
2011; MacLeod, 1991). 
The Go/No go task (based on White, 1981) is a commonly used task measuring 
behavioural self-regulation – namely, the ability to suspend prepotent responses to external 
cues (or inhibition). This task has been found to support ECRs’ prediction of unique 
variance in PA, and to moderate the intention-behaviour gap (Hall, Fong, Epp, & Elias, 
2008). The task required participants to provide rapid responses to “go” trials, whilst 
inhibiting responses on “no go” trials, and comprised five practice trials followed by two 
blocks of 60 trials. Stimuli were green (“go”) and blue (“no-go”) colour blocks, on which 
participants were to click or inhibit themselves from clicking. In addition, each colour block 
was preceded by a cue specific to the upcoming go/no-go stimulus (i.e. a horizontal empty 
rectangle preceded the no-go stimulus, whereas a vertical empty rectangle preceded the go 
target). The task was weighted to “go” stimuli (60:40) to create a prepotent response 
(clicking on the block) that required inhibition on the “no-go” trials. The presentation of cues 
(empty rectangles) was also weighted (80:20) so that 80% of the time the cue correctly 
preceded the upcoming stimulus. The outcome was the proportion of failures to inhibit the 
correct response, with a lower score indicating higher levels of behavioural inhibition. 
Specifically, participant scores were calculated as [(proportion failed to inhibit for no-go cue 
x 80) + (proportion failed to inhibit for go cue x 20)] /100. This measure is considered 
representative of deficits in behavioural inhibition (Fulham & Mullan, 2011; Fillmore, Rush & 
Hayes, 2006; Wodka et al., 2007).  
2.4.3.3.2 Working Memory The Operation Span (‘OSPAN’) task (Turner & Engle, 
1989), is a widely used test of working memory, which involves remembering unrelated 
items that are presented with interpersonal distracting mathematical problems. This task 
was recently developed into an automatic mouse-driven, self-scoring version by Unsworth, 
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Schrock and Engle (2005). The automatic OSPAN task requires recall of unrelated letters in 
the same order in which they are presented, whilst solving interspersed mathematical 
operations as quickly as possible (e.g. (1*2)+1=?) and clicking True or False when a 
possible solution is presented. After clicking True or False the letter to be recalled is 
presented and participants must retain this letter and subsequent letters for future recall. A 
practice test is carried out individually for letter recall, mathematical problem solving, and 
both together. The practice trial calculates the mean time required to solve the equations, 
which is subsequently used as a time-limit for the math portion of the experimental session. 
This task has been found to be a reliable and valid indicator of working memory capacity 
(Unsworth, Schrock, & Engle, 2005). It correlates well with other measures of working 
memory capacity and has both good internal consistency (alpha = .78) and test–retest 
reliability (.83) (Unsworth, Schrock, & Engle, 2005). In addition, the automated OSPAN task 
was shown to load on the same factor as the original version of OSPAN (Turner & Engle, 
1989) and the Reading Span Task (Daneman & Carpenter, 1980), and this factor correlated 
with a factor composed of fluid abilities measures. The outcome variable reported was the 
proportion of all perfectly recalled sets of letters, with higher scores indicating good working 
memory. This result is produced by Inquisit Web (Version 5, Inquisit, 2016), requiring no 
calculation.  
2.4.3.3.3 Set switching (or attention switching) involves shifting back and forth 
between multiple tasks and operations (Monsell, 1996), and has been implicated in 
executive functioning and control (Miyake, et al., 2000). Set switching was incorporated in 
order to capture ECRs overall, and in the event that other measures included in the present 
study failed to explain adequate variance in PA adherence. This construct was measured 
using both the Tower of Hanoi/London task as well as the Trail Making Test – B.   
The Tower of Hanoi/London task (Simon, 1975) requires planning, execution, 
monitoring, and revision prior to action. The task involves the transformation of discs on 
three vertical pegs into a goal configuration of discs employing the fewest number of moves 
possible (e.g. Simon, 1975). The number of discs is increased whilst the number of vertical 
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pegs (three) remains fixed. This measure has been validated and demonstrated good 
internal consistency (Cronbach’s alpha = .77) as well as convergent validity (r = .53) (Welsh 
& Huizinga, 2001). The outcome was the total score on the measure, with a higher score 
indicating good planning and accurate problem solving. This result is produced by Inquisit 
Web (Version 5, Inquisit, 2016), requiring no calculation. 
The Trail Making Test (‘TMT’: Reitan, 1958) is another widely used measure in 
assessing speed of cognitive processing and executive functioning (Cangoz, Demirci, & 
Uluc, 2013; Lezak, 1995: Strauss et al., 2006), and was employed in order to 
comprehensively test the ECR construct. The TMT comprises two parts (A & B), with 
scores represented by time of completion. The TMT-A task involves participants using a 
mouse to “draw” lines connecting 25 consecutive numbers spaced around a page (i.e. 
mouse click on the number and drag), as quickly as possible. The TMT-B task incorporates 
letters as well as numbers (i.e. connect number 1 to letter A, to number 2 to letter B, and so 
on). TMT-B is longer and includes more visual interference from stimuli, when compared 
with TMT-A. This is intended to create increased demand on motor speed and visual 
search skills (Guadino, Geisler & Squires, 1995). Neuropsychological tests commonly 
employ TMT in order to test processing speed, and it has been shown to provide a valid 
indicator of executive control ability (Sanchez-Cubillo et al., 2009). As such TMT-B was 
employed in order to comprehensively test the ECR construct. The outcome was the time 
taken to complete this task (i.e. connect all items correctly), with a lower time indicating 
better performance on this construct. This result is produced by Inquisit Web (Version 5, 
Inquisit, 2016), requiring no calculation. 
2.4.3.3.4 Processing speed It is well known that processing speed is considerably 
worse in cancer survivors than in the general population, and this can impact their 
executive function (Wefel & Schagen, 2012). Cognitive rehabilitation programs based on 
the neuroplasticity model also suggest that lower level cognitive functions may contribute to 
poorer executive function (Levine et al., 2000). Consequently, we assessed processing 
speed as a potential moderator of ECRs. This construct was measured using the TMT-A 
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(Reitan, 1958). The outcome being the time taken to complete the task (i.e. connect all 
items correctly). A lower time indicated better performance on this measure. This result is 
produced by Inquisit Web (Version 5, Inquisit, 2016), requiring no calculation. 
2.4.3.4 Ambient Temporal Contingencies (‘ATCs’): to account for any effect of ATCs 
on PA adherence, un/favourability of ATCs was assessed by nine questions capturing 
information on accessibility, cost, proximity to areas where PA was possible to do, and 
safety of doing PA. Questions included: 1. “Doing PA costs a lot”; 2. “To do PA I have to 
join a gym”; 3. “The cost of PA stops me from doing it”; 4. “On a nice day, I can do PA in my 
local area”; 5.“On a bad weather day I can do PA in my local area”; 6.“It is safe to do PA in 
my local area”; and, 7. “I have someone to do PA with”. With the exception of the two 
proximity questions which asked for actual minutes (i.e. “On a nice day, how many minutes 
would you have to travel to do your PA” and “On a bad weather day (e.g. raining heavily), 
how many minutes ….”), responses were measured on a 7-point Likert scale (Disagree very 
strongly – Agree very strongly). The outcome was the average of scores on the first 7 items 
(with scores on items 1-3 reverse scored). A higher score indicated favourable ATCs.  
 
2.4.4 Additional measures  
2.4.4.1 Health-related Quality of Life (‘HQOL’): is known to be associated with 
physical, social and emotional function. Following from the previously mentioned 
suggestions that other factors moderate the IB gap, The European Organisation for 
Research and Treatment of Cancer Quality of Life Questionnaire – C30 Version 3 (‘EORTC 
QLQ-C30’: Aaronson et al., 1993) was administered. The EORTC QLQ-C30 is a HQOL 
questionnaire specific to cancer patients, and determines social, emotional, physical, and 
psychological function, as well as global HQOL. This measure also assesses cognitive 
function, disease and/or treatment symptoms (fatigue, pain, nausea and vomiting, 
dyspnoea, constipation, diarrhoea), and perceived financial impact. Each of the 30-items is 
scored on a 4-point scale (Not at all-Very much), with the exception of Global QoL, which is 
scored on a 7-point Likert scale (Very poor-Excellent). See Aaronson et al. (1993) for 
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detailed calculation instructions. The EORTC QLQ-C30 has been found to be a reliable and 
valid measure of cancer patients’ HQOL (Cronbach’s alpha = > .70) (Aaronson et al., 1993).  
2.4.4.2 Distress: to assess distress, and account for possible effects of stress and 
anxiety, the Depression, Anxiety and Stress Scale – 21-item version (DASS-21: Lovibond & 
Lovibond, 1995a), was administered. This is a well-known measure which assesses an 
individual’s levels of clinical depression, anxiety and stress. The DASS-21 has been found 
to have good internal consistency reliability for the three scale scores (range = .82 - .97) 
(Lovibond & Lovibond, 1995b). See Lovibond and Lovibond (1995a) for detailed calculation 
instructions.  
2.4.4.3 Demographic information included: gender; date of birth; postcode; marital 
status; education; income; employment status; smoking; type of cancer at diagnosis; 
treatment received; cancer status; and participant goals for PA. Postcode, marital status, 
income, employment, and cancer status were re-assessed across time points in order to 
account for possible variation in participant circumstances which may affect PA adherence.  
 
2.5 STATISTICAL ANALYSIS  
Data were analyzed using SPSS statistical software, version 22.0 for Mac. A within-subjects 
repeated measures design was used. Paired sample t-tests were carried out in order to 
establish the primary outcome – PA Adherence. Since the aim of the ENRICH program was 
to increase PA, regardless of participant level of activity prior to commencing the program, 
adherence to PA was best indicated by an increase in PA following the duration of the 
program. The use of post-ENRICH measures of PA, controlled for by pre-ENRICH 
measures of the same were deemed as an appropriate measure of adherence to PA for the 
purposes of the present study. As such, PA Adherence was calculated as the difference in 
PA reported at Time 2 (post-ENRICH) from PA at baseline (pre-ENRICH), as measured by 
responses on the AAS in minutes for all subsequent analyses. The maintenance of any 
increase in PA from baseline across time was similarly analysed using paired sample t-
tests, comparing reported levels of PA at Time 3 with baseline, and Time 4 with baseline. 
Time 3 PA Adherence was calculated as the difference between Time 3 PA and baseline 
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PA reported on the AAS. Similarly, Time 4 PA was calculated as difference between Time 4 
PA and baseline PA as reported on the AAS, in minutes.  
Linear regression was used to examine the predictability of baseline Intention using 
the baseline TPB variables Attitude, Subjective Norm and Perceived Behavioural Control 
(PBC). Hierarchical regression was subsequently performed to assess whether any 
increase in variance in baseline Intention was accounted for by adding baseline Time 
Perspective to the model. Pearson correlation analyses were employed to determine any 
significant relationship between PA Adherence and the three TST factors hypothesised to 
moderate the IB-gap – baseline Behavioural Prepotency/Habit (BP), Executive Control 
Resources (ECRs) and baseline Ambient Temporal Contingencies (ATCs). Linear 
regression analyses were also used to determine whether baseline Intention explained any 
variance in PA Adherence. Hierarchical linear regression was employed to assess whether 
the three TST constructs, when added to the model with Intention, explained more variance 
in PA adherence. Finally, interactions between PA adherence and all variables proposed to 
moderate the IB-gap were explored. A significance level of p = .05 was used for all 
outcomes.  
The same analyses were repeated to measure the effect of TPB and TST on PA adherence 
across time. PA Adherence at Time 3 (i.e. Time 3 PA in minutes less baseline PA in 
minutes, reported on the AAS), was assessed using Time 2 measures of Attitude, 
Subjective Norm, PBC, Time Perspective, Intention, BP and ATCs. Similarly, Time 4 PA 
Adherence (i.e. Time 4 PA in minutes less baseline PA in minutes) was assessed using 
Time 3 measures of the same.    
Secondary analyses employed repeated measures analysis of variance with 
contrasts to examine change across time on all primary and secondary variables. The 
contrasts tested compared baseline scores to the combination of subsequent time points 
(i.e. Time 1 vs Time 2 – Time 4), Time 2 with Time 3-Time 4 combined, and Time 3 with 
Time 4. Exploratory correlations were also examined using Pearson correlation analysis. 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
60 
 
2.5.1 Sample Size  
To ensure the study is sufficiently powered for the planned analyses, the minimum sample 
size requirement is 15-20 participants for each independent variable in the regression 
model (Tabachnick & Fidell, 2001).  The planned sample size for both models was 
calculated using G-power (Erdfeld, Faul, & Buchner 1996). Setting the Type 1 error rate at 
0.05, Power at 0.80, we used a Cohen’s standardized regression effect size of f2 = 0.15 
(medium effect size) (Cohen 1988). Model 1 was assumed to include three predictors 
(Attitude, Subjective Norm and PBC) requiring a sample size of 77 participants; Model 2 
was assumed to include four predictors (Attitude, Subjective Norm, PBC and Time 
Perspective), requiring a sample size of 85. The final model testing PA Adherence was also 
assumed to include four predictors (Intention, BP, ECRs and ATCs) requiring a sample size 
of 85 participants.  To allow for attrition, the planned sample size was 120 participants. As a 
result of challenges with recruitment we recruited fewer participants than 
expected.  Therefore, the actual power achieved with the recruited sample size of 55 was 
calculated. For Model 1, assuming an effect size of f2 = 0.15, beta/alpha ratio of 1, three 
predictors and 55 participants, Power achieved was 0.83. For Models 2 and 3, assuming 
effect size of f2 = 0.15, beta/alpha ratio of 1, four predictors and 55 participants, Power 
achieved was 0.81.  
Participants who did not to adhere to ENRICH were to be included in the analysis, 
and characteristics potentially predicting dropout were to be explored to confirm differences 
from the remaining population of adherers. As only one participant dropped out of the 
ENRICH program, there were insufficient numbers to perform this analysis.  
Despite achieving sufficient power for individual comparisons, the results will be 
interpreted conservatively as no adjustment was made for multiple comparisons.  
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3. RESULTS  
The sample comprised 11 male and 43 female cancer survivors who had completed the 
ENRICH program. Ages ranged from 34 to 76 years (M = 57.74, SD = 10.63). 70% of the 
sample reported being in either defacto relationships or married, with all participants 
completing a minimum of high school level education. 16 participants reported being 
retirees or receiving a pension, and 14 participants reported being employed part-time, with 
39% of the sample reportedly earning less than $30K per annum. Multiple cancer types 
across a range of stages were reported, the most frequent being breast cancer (N = 28). 
Participants reported multiple treatment modalities, including surgery (N = 44), 
chemotherapy (N = 30), radiotherapy (N = 33), and hormone therapy (N = 28). 44 
participants reported being cancer-free at the time of commencing ENRICH, with 9 
reporting they had ongoing disease. There was 1 current smoker, with 13 having smoked in 
the past. The most frequently reported PA goals were to improve strength and energy 
levels (N = 17), lose weight (N = 15) and to get fit (N = 13) (see Table 4 for detailed 
demographic information).  
Prior to starting the ENRICH program, participants reported a positive Attitude 
toward PA (M = 6.08, SD = 0.83), positive SN (M = 5.18, SD = 1.6), high PBC (M = 5.8, SD 
= 1.24), and strong intentions to do PA (M = 6.06, SD = 1.04). No propensity for either short 
or long-term thinking with regard to PA was reported (M = 4.62, SD = 1.18). BP or habit for 
PA ranged from 12 (low habit) to 84 (high habit) (M = 44, SD = 18). Participants reported 
somewhat favourable ATCs at baseline (M = 4.91, SD = 0.91), as well as relatively high 
HQOL (M = 66.67, SD = 18.81). The sample also reported mild levels of depression (M = 
10.52, SD = 4.11), and normal levels of anxiety (M = 9.28, SD = 3.14) and stress (M = 
11.80, SD = 4.52), prior to commencing ENRICH (see Table 5 for means).  
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      Table 4. Demographic information 
 N % 
   
Sex   
Male 11 20.4 
 Female 
 
43 79.6 
Marital Status   
Single 9 16.7 
 DeFacto/Married 38 70.4 
 Widowed 2 3.7 
 Seperated/Divorced 
 
5 9.3 
Education Level   
High School 13 24.1 
 TAFE/Vocational Training 14 25.9 
 Undergraduate 11 20.4 
 Postgraduate 
 
16 29.6 
Employment Status   
Full-time 8 14.8 
 Part-time/Casual 16 29.6 
 Unemployed 8 14.8 
 Retired/Pension 16 29.6 
 Self-Employed/Other 6 11.1 
Income 
  
$0-30K 20 39.2 
 $30-50K 11 21.6 
 $50-70K 6 11.8 
 $70K-90K 5 9.8 
 $90K+ 9 17.6 
Cancer Details 
  
Type 
Breast 28 51.9 
Lung 2 3.7 
Prostate 3 5.6 
Gynaecological 3 5.6 
Haematological 3 5.6 
Other 
 
15 27.8 
Stage 
I 13 24.1 
II 14 25.9 
III 10 18.5 
IV 
Unknown 
5 
12 
9.3 
22.2 
 
  
Treatment 
Surgery 
44 81.5 
Chemotherapy 
30 56.6 
Radiotherapy 
33 61.1 
Hormone therapy 
 
28 51.9 
Cancer 
Status 
Cancer free/in remission 
44 83 
With disease 
9 17 
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Table 5. Means/(SDs) for all continuous variables across all time pointsa 
             Executive Control Resources 
Time 
PA 
(mins) 
ATT SN PBC INT 
Time 
Persp. 
BP/ Habit ATCs DEP ANX STR HQOL 
Inhib.: 
Stroop 
 
Inhib.: 
Go/NoGo 
Working 
Memory 
Set 
Switching 
 
Planning 
                  
T1 
(N=54) 
297.91 
(290.07) 
6.08 
(0.83) 
5.18 
(1.60) 
5.80 
(1.24) 
6.06 
(1.04) 
4.62 
(1.18) 
44.00 
(18.73) 
4.91 
(0.91) 
10.52 
(4.11) 
9.28 
(3.14) 
11.80 
(4.52) 
66.67 
(18.81) 
312.25 
(465.52) 
0.322 
(0.143) 
38.93 
(21.00) 
96,395.22 
(78,731.94) 
29.74 
(5.27) 
T2 
(N=54) 
530.00 
(507.72) 
6.35 
(0.64) 
5.19 
(1.35) 
6.03 
(1.12) 
6.31 
(0.87) 
5.09 
(0.96) 
49.24 
(17.12) 
5.30 
(0.80) 
9.46 
(2.91) 
8.37 
(1.89) 
10.93 
(4.04) 
76.08 
(15.61) 
- - - - - 
T3 
(N=32) 
431.66 
(304.58) 
6.06 
(0.85) 
5.26 
(1.10) 
5.70 
(1.33) 
5.94 
(1.35) 
4.92 
(0.92) 
48.25 
(19.84) 
5.19 
(0.81) 
10.34 
(4.32) 
8.69 
(2.53) 
11.34 
(4.34) 
71.35 
(19.04) 
- - - - - 
T4 
(N=15) 
701.33 
(928.05) 
5.72 
(1.21) 
4.83 
(1.57) 
5.40 
(1.30) 
5.32 
(1.61) 
4.40 
(1.01) 
45.67 
(17.86) 
4.85 
(0.90) 
10.87 
(4.67) 
9.13 
(2.82) 
11.07 
(6.18) 
69.44 
(18.00) 
- - - - - 
aPA: Physical activity over previous week; ATT: Attitude; SN: Subjective norm; PBC: Perceived behavioural control; INT: Intention; Time Persp.: Time perspective; BP: Behavioural prepotency/Habit; ATC’S: Ambient temporal 
contingencies 
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3.1 PA ADHERENCE  
Participants reported engaging in significantly more PA immediately after completing ENRICH 
than prior to commencing the program, t(53) = 4.17, p < .001. PA adherence was maintained 
both at 6 weeks after completing ENRICH t(31) = 4.74, p < .001, and at 6 months after starting 
ENRICH t(14) = 2.84, p < .05, when compared with baseline PA. Table 6 shows mean 
differences from baseline for all repeated measures variables. 
Table 6. Mean/(SD) differences from baseline for all repeated measures variablesa 
Time PA ATT SN PBC INT 
Time 
Persp. 
BP ATC’S DEP ANX STR HQOL 
             
 
T2-T1 
(N=54) 
232.09** 
(409.08) 
0.27** 
(0.62) 
0.01 
(1.25) 
0.22 
(0.94) 
0.25 
(1.09) 
0.47** 
(0.99) 
5.24** 
(11.37) 
0.39** 
(0.65) 
-1.06* 
(3.10) 
-0.91* 
(2.61) 
-0.87 
(3.40) 
9.41** 
(17.96) 
 
T3-T1 
(N=32) 
197.06** 
(235.28) 
0.04 
(0.61) 
0.05 
(1.39) 
0.01 
(0.94) 
-0.15 
(1.26) 
0.26 
(0.80) 
8.34** 
(15.78) 
0.44** 
(0.74) 
-1.12 
(4.46) 
-1.16* 
(2.41) 
-0.66 
(3.22) 
8.59** 
(14.89) 
 
T4-T1 
(N=15) 
538.87* 
(735.63) 
-0.09 
(0.99) 
-0.58* 
(0.97) 
-0.01 
(1.57) 
-0.47 
(1.66) 
0.00 
(1.09) 
10.40** 
(12.77) 
0.24 
(0.51) 
-0.67 
(4.65) 
-1.07 
(3.15) 
-0.93 
(3.22) 
7.78 
(20.52) 
aPA: Physical activity adherence; ATT: Attitude; SN: Subjective norm; PBC: Perceived behavioural control; INT: Intention; Time Persp: Time perspective; BP: Behavioural 
prepotency/Habit; ATCs: Ambient temporal contingencies; ANX: Anxiety: DEP: Depression: STR: Stress; HQOL: Global health-related quality of life 
*  p < .05  
**  p < .01 
 
3.2 EXPLORATORY ANALYSES  
As shown in Table 7, a number of significant correlations were revealed in the present study. 
Baseline Attitude and Intentions were negatively correlated with PA adherence r(53) = - .34, p < 
.05 and r(53) = - .45, p < .01, respectively. This result indicates that positive attitudes and strong 
intentions to exercise are associated with less adherence to PA. 
In terms of correlations between the primary variables – Attitude was found to correlate 
positively with: PBC r(53) = .63, p < .001; Intentions r(53) = .68, p < .001; Time Perspective 
r(53) = .52, p < .001; BP r(53) = .53, p < .001; and ATCs r(53) = .54, p < .001. This suggests 
that having a positive attitude toward PA is likely to increase PBC, strength of intention, longer 
term thinking when it comes to PA, habit strength, and ATCs (e.g. by way of seeking out or 
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simply being aware of opportunities to increase favorability of ATCs).  
SN was positively correlated with Intentions r(53) = .30, p < .05 and ATCs r(53) = .27, p 
< .05, indicating that if an individual’s significant others have a positive outlook on PA, this may 
increase intention strength, and ATCs. The latter is particularly intuitive in that favourable ATCs 
would likely have a reciprocal relationship with SN – being in an environment where PA is 
accessible and easy would likely involve a social element, and as such a group norm forming in 
that favourable context.  
PBC was similarly positively related to: Intentions r(53) = .72, p < .001; Time Perspective 
r(53) = .32, p < .05; BP r(53) = .54, p < .001; ATCs r(53) = .56, p < .001, and negatively 
correlated with depression r(53) = - .30, p < .05. This suggests believing in one’s control over 
and ease of performing PA may increase intention strength, awareness of long-term benefits of 
PA, habit, ATCs and mood.  
Intentions were significantly positively correlated with Time Perspective r(53) = .41, p < 
.01, BP r(53) = .40, p < .01, and ATCs r(53) = .48, p < .001. These results indicate strong 
intentions may increase the chance of valuing longer term benefits of PA, increase habit 
strength, as well as exposure to ATCs. Time Perspective was found to have a positive 
relationship with BP r(53) = .54, p < .001 and ATCs r(53) = .44, p < .01, suggesting a propensity 
for longer term thinking when it comes to PA may increase habit strength, as well as likelihood 
of favourable ATCs. BP and ATCs were also found to correlate positively r(53) = .64, p < .001, 
which is quite sensible in that high habit strength is likely to come about from having access to 
and ease in performing PA in the environment. Finally, ATCs were found to have a negative 
relationship with depression r(53) = - .39, p < .01 and stress r(53) = - .39, p < .01 in this sample, 
indicating unfavourable ATCs may be linked to mental health issues which have previously 
been shown to be alleviated by engaging in PA, as well as being outside in nature. 
HQOL was found to have significant positive correlations with: Attitude r(53) = .47, p < 
.001; PBC r(53) = .53, p < .001; Intentions r(53) = .43, p < .01; Time Perspective r(53) = .38, p < 
.01; BP r(53) = .44, p < .01; and ATCs r(53) = .51, p < .001.  
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Table 7. Pearson’s correlation matrix for baseline study variablesa & PA Adherence 
 Correlation with indicated variable 
Variable PA ATT SN PBC INT 
Time 
Persp. 
BP ATCs 
INHIB 
STR 
IHIB 
GNG 
WM SS PL ANX DEP STR HQOL AGE 
                   
 
PA 1.000 -.341* -0.087 -0.199 -.448** -0.249 -0.225 -.342* .289* 0.128 -0.060 0.020 -0.113 0.031 -0.047 0.132 -0.236 0.032 
 
ATT 
 
1.000 0.256 .634** .681** .525** .534** .545** 0.132 0.156 0.029 0.187 -0.145 -0.162 -0.032 -0.134 .474** -0.128 
 
SN 
  
1.000 0.235 .299* 0.161 0.167 .270* 0.022 0.181 -0.144 0.001 0.182 -0.210 -0.094 -0.232 0.167 0.063 
 
PBC 
   
1.000 .724** .325* .545** .565** 0.101 0.161 -0.021 -0.020 -0.128 -.292* -0.095 -0.127 .530** -0.058 
 
INT 
    
1.000 .413** .398** .484** 0.101 0.141 -0.077 0.128 -0.128 -0.106 -0.008 -0.194 .436** 0.070 
Time 
Persp. 
     
1.000 .539** .437** -0.121 0.110 0.177 -0.124 -0.184 -0.007 0.081 0.050 .382** -0.147 
 
BP 
      
1.000 .636** 0.048 0.132 0.018 -0.029 -0.200 -0.253 -0.008 -0.080 .445** 0.025 
 
ACT’s 
       
1.000 -0.026 0.034 0.136 0.126 -0.125 -.388** -0.212 -.386** .507** 0.106 
INHIB 
STR 
        
1.000 0.066 -0.114 0.190 -0.232 -0.011 -0.020 0.009 0.022 0.096 
INHIB 
GNG 
         
1.000 -0.243 0.109 0.083 -0.131 -0.080 -0.035 0.143 0.060 
 
WM 
          
1.000 -0.016 -0.054 -0.134 -0.267 -0.064 0.094 -.465** 
 
SS 
           
1.000 -0.040 -0.039 0.015 0.094 0.094 0.216 
 
PL 
            
1.000 -0.127 -0.081 -0.127 -0.102 -0.210 
 
DEP 
             
1.000 .690** .633** -.480** -0.015 
 
ANX 
              
1.000 .720** -.380** -0.061 
 
STR 
               
1.000 -.378** -.305* 
 
HQOL 
                
1.000 0.107 
 
AGE 
                 1.000 
aPA: Physical activity adherence T2-T1; ATT: Attitude; SN: Subjective norm; PBC: Perceived behavioural control; INT: Intention; Time Persp: Time perspective; BP: 
Behavioural prepotency/Habit; ATCs: Ambient temporal contingencies; INHIB STR: Inhibition Stroop Task; INHIB GNG: Inhibition Go/NoGo Task; WM: Working memory(; SS: 
Set switching; PL: Planning; ANX: Anxiety; DEP: Depression; STR: Stress; HQOL: Global health-related quality of life 
*  p < .05 
**  p < .01 
 
This suggests that individuals with a positive attitude toward PA, strong PBC for PA, 
strong intentions, awareness of long-term benefits of PA, stronger habit for PA, and favourable 
ATCs are likely to have higher levels of HQOL. This also highlights the influence of how an 
individual thinks (e.g. attitude), on how they feel (QoL). As expected, a significant negative 
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relationship between HQOL and depression, anxiety and stress was also observed (see Table 
7).  
3.3 INTENTIONS 
Model 1 represents TPB (see Table 8). The overall model was statistically significant R
2 = 
0.615, F(3,50) = 26.67, p < .001, with the three baseline TPB variables Attitude, SN, and PBC 
together accounting for 61.5% of the variance in baseline Intentions. However, as seen by the 
results in Table 7, only Attitude and PBC were statistically significant predictors of Intention (p < 
.01 & p < .001, respectively).  
Table 8. Contributions of TPB variables & Time Perspective to the prediction of 
intentons (baseline)a   
Model Variable B t value R2 ΔR
2
 P value 
       
 
ATT 0.442 3.089 
  
0.003 
1 SN 0.063 1.060 
  
0.294 
N = 54 
PBC 0.398 4.189 
  
0.000 
    
0.615 
 
0.000 
 
ATT 0.390 2.452 
  
0.018 
2 SN 0.061 1.030 
  
0.308 
N = 54 
PBC 0.399 4.182 
  
0.000 
 
TP 0.069 0.756 
  
0.453 
    
0.620 
 
0.453 
     0.004 0.453 
aATT: Attitude; SN: Subjective norm; PBC: Perceived behavioural control; TP: Time 
perspective. 
  
Model 2 introduced the additional variable of baseline Time Perspective with the TPB 
variables (see Table 8). The model remained significant R
2 = 0.620, F(4,49) = 19.97, p < .001, 
with the four variables together accounting for 62% of the variance in Intention. Although Time 
Perspective predicted an extra 0.4% of the variance in Intention, when controlling for the original 
TPB variables, this increase was not significant ΔR
2 = 0.004, F(1,49) = .572, p = .453 (see 
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Appendix E). 
 The same regression analyses were repeated at Time 2 (post-ENRICH), Time 3 (6 
weeks post-ENRICH) and Time 4 (6 months after starting the program) (see Appendix F, 
Appendix G, and Appendix H, respectively). The TPB variables Attitude, SN and PBC were 
found to be consistently significant in predicting variance in Intention across the three time 
points: Time 2 R
2 = 0.572, F(3,50) = 22.24, p < .001; Time 3 R
2 = 0.578, F(3,28) = 12.775, p < 
.001; and Time 4 R
2 = 0.919, F(3,11) = 41.44, p < .001. Time Perspective did not significantly 
increase variance in Intention at Time 2 or Time 4, however, significantly accounted for more 
variance in Intention at Time 3 ΔR
2 = 0.096, F(1,27) = 7.987, p < .01, over and above the three 
TPB constructs. This brought the total variance in Intentions explained to 67.4% at Time 3. 
Although these results are promising, they should be interpreted with caution due to the small 
number of participants that completed TPB and Time Perspective measures at Time points 3 
and 4 (N = 32 & 15, respectively), as this sample size is insufficient for stability of the estimates 
of the parameters included in this regression model.  
3.4 TEMPORAL SELF-REGULATION THEORY  
Baseline BP or habit strength was not found to correlate significantly with adherence to PA at 
(see Table 7 for correlations between all continuous study variables).  Inhibition - as measured 
by the Stroop Task - had a moderate positive correlation with PA Adherence, r(50) = .29, p < 
.05, indicating that stronger inhibition is associated with increased adherence to PA. The were 
no further significant correlations found between PA adherence and working memory (OSPAN), 
set switching (TMT-B), planning (Tower of London) or the Go/No Go Task, which also assess 
inhibition. ATCs were found to have a moderate negative correlation with PA Adherence, r(52) = 
- .34, p < .05, indicating that favourable ATCs are associated with less adherence to PA. 
3.5 THEORY OF PLANNED BEHAVIOUR & TEMPORAL SELF-REGULATION THEORY 
To predict behavior, a regression analysis was conducted with the aim of predicting PA 
Adherence using the Intention variable (see Table 9). The overall model was statistically 
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significant R
2 = 0.201, F(1,52) = 13.042, p < .01,  with intention accounting for 20.1% of the 
variance in PA adherence. 
A hierarchical regression analysis was then conducted with the aim of predicting PA 
Adherence using the variables Intention in the first block, with the addition of the three TST 
variables (i.e. BP/habit, ECRs (Inhibition – Stroop Task) and ATC’s) in the second block, and 
interactions between Intention and the three TST variables in the final block (see Table 9).  
Intention was entered first, and the overall model was statistically significant R
2 = 0.244, 
F(1,50) = 16.172, p < .001,  with intention alone accounting for 24.4% of the variance in PA 
adherence. This marginal increase is due to a difference in cases included when adding TST 
constructs – two participants did not complete a measure of ECRs and as such the sample size 
is reduced by N = 2 in the final model.  
BP accounted for an extra 0.1% of the variance in behavior, which was not  significant 
ΔR
2 = 0.001, F(1,49) = .049, p = .826. ECRs accounted for an extra 11.6% of the variance in 
behavior, which was a significant increase ΔR
2 = 0.116, F(1,48) = 8.706, p < .01, bringing the 
total variance accounted for to 36.1%.   ATC’s accounted for an extra 0.4% of the variance in 
behavior, which was not significant ΔR
2 = 0.004, F(1,47) = 0.296, p = .589. The inclusion of the 
three TST variables in addition to Intention significantly increased the total variance accounted 
for in PA adherence to 36.5%, R
2 = 0.365, F(3,47) = 0.297, p < .05.   
Finally, adding interaction effects between Intention and BP, ECRs and ATCs into the 
model accounted for a further 16.9% variance, which was statistically significant ΔR
2 = 0.169, 
F(3,44) = 5.309, p < .01. This brought the total variance in PA adherence explained to 53.4%, 
R
2 = 0.534, F(3,44) = 0.5309, p < .01.    
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Table 9. Contributions of baseline Intentions, baseline BP, ECR’S & basleine ATC’S e 
to the prediction of PA adherencea  
Model Variable B t value R2 ΔR
2
 P value 
       
1 INT 
-.448 -3.611 
  0.001 
N = 54 
   0.201  0.001 
 
   
  
 
 
INT -0.488 -3.546 0.244  0.000 
2 
BP 0.015 0.096 
 
0.001 0.924 
N = 52 ECRs 0.335 2.846 
 
0.116 
0.007 
 
ATCs -0.090 -0.544 
 
0.004 0.589 
 
   0.365 0.121 0.041 
 
 
 
     
 
INT -0.460 -3.104 
  
0.003 
 
BP -0.089 -0.607 
 
 0.547 
3 
ECRs 0.548 4.134 
 
 0.000 
N = 52 
ATCs -0.087 -0.589 
 
 0.559 
 
INT x BP 0.419 3.020 
 
0.077 0.004 
 INT x ECRs -0.360 -2.714  0.060 0.009 
 INT x ATCs -0.268 -1.740  0.032 0.089 
    0.534 0.169 0.003 
aINT: Intention; BP: Behavioural prepotency/Habit; ECRs: Executive Control Resources – 
Inhibition; ATCs: Ambient temporal contingencies; INT x BP: Intention & BP interaction; INT 
x ECRs: Intention & ECRs interaction; INT x ATCs: Intention & ATCs interaction 
 
Of the three interactions, both BP and ECRs were found to have a significant moderating 
effect on the IB relationship in this sample F(1,46) = 6.309, p < .05 and  F(1,45) = 5.427, p < 
.05, respectively. The results shown in Table 9 demonstrate that high ECRs strengthen the IB 
relationship, however, that low habit strength for PA also moderates the IB gap.  
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Despite approaching significance, ATCs were not found to have a significant moderating 
effect on the IB gap in the present study F(1,44) = 3.028, p = 0.89 (see Appendix I).  
 
The same hierarchical regression including Intention, BP, ECRs, ATCs, and interaction effects 
was performed in order to establish whether these results were maintained for PA adherence at 
Times 3 and 4 (see Appendix J and Appendix K, respectively). PA Adherence at Time 3 was not 
significantly predicted by any of the variables as measured at Time 2 (e.g. Time 2 Intention 
strength; Time 2 habit strength etc.). Similarly, no significant predictive variance at Time 3 (e.g. 
Time 3 Intention strength etc.) was found for PA Adherence at Time 4. Again, this result should 
be interpreted with caution due to the small number of participants completing measures at 
Times 3 and 4 to date (N = 32 & 15, respectively) and the consequent insufficient sample size 
for stability of estimates of those parameters in the regression models.  
3.5.1 Executive Control Resources 
Including the additional variables employed to measure ECRs comprehensively (i.e. the Go/No 
Go, TMT-B, OSPAN, and Tower of London Tasks) in addition to the variables Intention, BP, 
Inhibition (Stroop Task) and ATCs in Model 2, rendered all latter variables non-significant in 
explaining variance in PA adherence (see Appendix L). It was as such decided that one 
measure of Inhibition be retained for the purposes of assessing ECRs. Given the variable 
inflation factor was relatively high for Go/No Go (VIF = 1.118) when both Go/No Go and Stroop 
Tasks were included in the model, and given that Go/No Go is also a measure of Inhibition that 
is similar to the Stroop Task (VIF  = 1.089), we excluded the Go/No Go Task on the basis that it 
was redundant and that a greater proportion of participants completed the Stroop Task. 
Including processing speed in Model 2 (TMT-A) in addition to the variables Intention, BP, 
Inhibition (Stroop Task) and ATCs similarly rendered all latter variables non-significant in 
explaining variance in PA adherence (see Appendix M).  
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3.6 LONGITUDINAL ANALYSES 
Repeated measures analysis of variance with contrasts was used to examine change across 
time in the primary variables PA Adherence, Intention, BP, and ATCs. Changes across time in 
the secondary variables were also examined including Attitude, SN, PBC, Time Perspective, 
depression, anxiety, stress, HQOL, postcode, marital status, employment status, and cancer 
status.  
The results of the contrast analysis revealed that when compared with the same means 
at Times 2-4: mean PA at baseline was significantly lower F(1,13) = 22.05, p < .001; mean BP 
at baseline was significantly lower F(1,13) = 10.09, p < .01; and mean ATCs at baseline were 
significantly lower F(1,13) = 10.942, p < .01. Similarly, mean SNs at baseline were significantly 
lower than mean SNs across Times 2-4 F(1,13) = 6.754, p < .05; as was baseline mean HQOL 
as compared with mean HQOL at Times 2-4 F(1,13) = 5.053, p < .05. No further contrasts 
revealed significant changes between Time points 2-4, indicating that all primary and secondary 
variables remained relatively stable following completion of ENRICH.  
These results are consistent with those shown in Table 6, which compares mean 
differences from baseline for all repeated measures variables and shows significant increases 
from baseline in PA Adherence; Attitude t(53) = 3.17, p < .01; BP t(53) = 3.386, p < .01; Time 
Perspective t(53) = 3.466, p < .01; ATCs t(53) = 4.340, p < .001; and HQOL t(53) = 3.852, p < 
.001 at Time 2. This increase being maintained for BP at Time 3 t(31) = 2.991, p < .01 and Time 
4 t(14) = 3.155, p < .01, as well as Time 3 for ATCs t(31) = 3.384, p < .01 and HQOL t(31) = 
3.265, p < .01. Depression was also found to be significantly lower at Time 2 t(53) = -2.503, p < 
.05, and anxiety lower at Time 2 t(53) = -2.557, p < .05 and Time 3, t(31) = -2.713, p < .05, 
when compared with baseline.  
Together these findings indicate that across time, engaging in PA may increase attitude, habit 
formation, time perspective, ATCs, and HQOL, whilst decreasing levels of depression and 
anxiety, which is consistent with past research.  
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4. DISCUSSION 
4.1 FINDINGS  
The present study found a significant increase in PA following participation in the ENRICH 
program, and that this increase was maintained both 6 weeks post-ENRICH, and at 6 months 
after starting the program. These findings support the recent evaluation by James et al. (2015) 
of the program’s efficacy, and demonstrate the utility of PA interventions, such as ENRICH, to 
increase PA adherence for cancer survivors.  
Together, the baseline TPB variables Attitude, SN and PBC accounted for 61.5% of the 
variance in intentions, which is consistent with previous research (Armitage & Connor, 2001). Of 
these variables, only Attitude and PBC were significant predictors. Although this effect was 
maintained when Time Perspective was added to the model, the baseline perception of long-
term benefits did not predict significantly more variance in intentions. The latter result indicates 
a lack of association between time perspective and intention to do PA in this sample. Thus, the 
degree to which cancer survivors in this sample intend to engage in PA appears to be 
irrespective of their beliefs with regard to the long-term benefits of PA, however, their attitude 
toward exercise as well as their perceived ability to do PA informed their intentions.  
The utility of the three TPB variables in predicting Intention was found to be maintained 
at the end of ENRICH (Time 2), 6 weeks post-ENRICH (Time 3), and at 6 months following the 
start of the program (Time 4). Time Perspective did not add significant predictive variance at 
Time 2, or Time 4. Interestingly, at Time 3, Time Perspective significantly accounted for 9.6% 
more variance in intention, over and above the TPB variables alone. Time Perspective was also 
found to have increased significantly post-ENRICH from baseline, suggesting that longer term 
thinking with regard to PA is increased following exposure to PA and education, and may have a 
slow but cumulative effect on intention strength across time.  
 High ECRs were found to be positively associated with PA adherence, suggesting 
stronger inhibition may increase levels of PA engagement. Baseline habit strength for PA failed 
to demonstrate a significant relationship with PA adherence. However, given that habit was 
found to increase significantly across time, such that habit strength for PA post-ENRICH, and at 
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Times 3 and 4 was consistently higher than when participants started the program, this 
suggests there may have been a dynamic interaction between habit formation and PA 
adherence, across time. That is, PA adherence may predict future habit strength rather than the 
other way around. This is consistent with the feedback loops proposed in TST – such that with 
increased PA adherence, habit is developed across time, which in turn increases adherence to 
PA (see Fig 2).  
Favourable baseline ATCs were found to be associated with less adherence to PA, 
which appears counterintuitive. Baseline ATCs were reported as somewhat favourable in this 
sample, indicating that having favourable conditions to do PA may not be enough in motivating 
PA adherence, if not reducing PA engagement overall. This is not an unreasonable conclusion 
since many factors can be involved in driving behaviour, particularly non-adherence to PA. 
ATCs were reported to significantly increase in favourability at Times 2 and 3. It is possible that 
attending the ENRICH program acted to additionally increase awareness of opportunities in the 
environment to do PA, as such increasing favourability of ATCs and their proposed effect on 
adherence to PA across time.  
 The present study found that high intention strength at baseline was associated with 
significantly less PA adherence following ENRICH. Although this effect was not maintained 
across time, it suggests that despite strong intentions to exercise at the outset of, for example, a 
PA intervention, additional factors may be affecting adherence in cancer survivors. This result, 
although seemingly counterintuitive, is not surprising given the IB gap for PA in this population, 
as well as the high rate of non-adherence to PA (70-80%; Courneya et al., 2005; Jones et al., 
2004; Vallance, Courneya, Jone, & Riman, 2005). Furthermore, cancer survivors face a myriad 
of treatment associated side-effects which may act as barriers to exercise in and of themselves. 
For example, a cancer survivor may have had strong intention to do PA, however, may have 
engaged in less PA due to recently having undergone surgery, or due to ongoing treatment in 
general during the course of ENRICH.  
Nevertheless, baseline intention strength was found in the present study to account for 
24.4% of the variance in PA adherence following ENRICH, which is consistent with previous 
research (Armitage & Connor, 2001). When added to intentions, TST constructs accounted for 
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significantly more variance in PA adherence, increasing the total variance in behaviour 
explained to 36.5%. This increase was primarily due to ECRs, as no significant increase in 
variance was contributed by baseline habit strength, or ATCs.  
Per TST, ECRs and baseline habit strength were found to significantly moderate the IB 
gap in PA adherence, such that high ECRs and low habit strength for PA were associated with 
stronger IB relationships in this sample. This indicates that low baseline habit for PA increased 
the likelihood that participants with strong intentions to exercise, adhered less to PA than those 
with high baseline habit for PA. This is consistent with TST in that ECR’s and habit for PA 
strengthened the IB relationship, which was initially negative. Although approaching 
significance, baseline ATCs did not reveal a moderating effect on the IB gap.  
The moderating effect of ECRs, habit and ATCs on the IB gap brought the total variance 
explained to 53.4% - accounting for more than half of the variance in PA adherence. A 
promising result.  
 Neither the effect of intentions or the TST variables in predicting PA adherence was 
maintained at Time 3 or Time 4. This is likely due to the small number of responses collected to 
date at the latter two time points.  
 
The present study’s findings as such support the utility of considering the cancer survivor’s 
attitude, PBC, time perspective, intention strength, habit, ECRs and ATCs in increasing the 
likelihood of successful PA adherence, as per TPB and TST.  
 
4.2 IMPLICATIONS 
The present study’s results support the importance of considering the interplay between 
personal, social and environmental factors in the behaviour change process, and have 
implications for the individual, the health professional, and the government.  
 In terms of getting cancer survivors to adhere to PA, it becomes apparent that it is 
important for health professionals to identify individual attitudes and beliefs toward PA, as well 
as the amount of PBC that individual has over doing PA, at the time of consultation or 
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intervention. Although a medium to large change in intention has been shown to have a small to 
medium change in behaviour (Web & Sheeran, 2006), it appears necessary to consider attitude, 
subjective norms, PBC and time perspective in the behaviour change process. It would be 
difficult for a cancer survivor to come up with this on their own, and increasing awareness at the 
individual level can be useful. Encouraging cancer survivor awareness of these constructs may 
additionally empower them to build upon these factors across time.  
Attitude was found to have medium to strong positive relationships with nearly all TPB 
and TST variables in the present study (see Table 8), with PBC similarly demonstrating positive 
relationships with intention strength, time perspective, habit and ATCs. This highlights the effect 
of a positive attitude and belief in one’s control over PA in contributing to behaviour change. 
Individual attitudes and beliefs must be considered.  
 Whether or not the individual is aware of the long-term benefits of engaging in PA is also 
an important consideration, as many health-promoting behaviours tend to lack immediately 
detectable benefits, and can be perceived as inconvenient (Hall & Fong, 2007). Awareness of 
these benefits by education can have a strengthening effect on intentions across time, and this 
can be provided at the time of consultation with the health professional to activate and/or 
increase this construct.  
The identification of these factors is suggested to be a starting point in developing a 
survivorship management plan that increases the likelihood of successful PA adherence across 
time for a cancer survivor. If the survivor lacks a positive attitude toward PA and is unaware of 
its benefits, these gaps can be addressed by the health professional immediately, effectively 
increasing intention strength and chance of adherence to PA, outside of a PA intervention. This 
will be particularly important if there is a negative subjective norm toward PA for that individual, 
since it is from social interaction an individual constructs their sense of self, a sense of 
belonging, shared attitudes, and beliefs.  
  An individual’s social context has been shown by previous research to influence 
behaviour both directly and indirectly (SCT: Bandura 1977; Bandura 1986; Bandura, Ross & 
Ross, 1963; TPB: Ajzen, 1991). Although not found to be significant in the present study, what 
an individual believes their significant others think of their behaviour should be considered in 
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effective survivorship management when it comes to adherence to PA, as it has repeatedly 
been shown that subjective norms predict unique variance in intention strength (Armitage & 
Connor, 2001; Hagger, Chatzisarantis & Biddle, 2002; McEachan, Connor, Taylor & Lawton, 
2011).  Furthermore, participants of the ENRICH programs frequently reported a sense of ease 
following their first few weeks in the group as a shared understanding and group cohesion 
developed. Attending a group PA intervention can as such bring not only an increase in actual 
PA, but also a sense of belonging, understanding, and support. For a cancer survivor who has 
lost confidence in themselves due to both physical and cognitive underperformance following 
treatment, as well as reduced QoL, there is a need for supported behaviour change programs in 
the community to ensure survivors adhere to PA recommendations. In terms of targeting 
subjective norms, it is suggested that by establishing social connection via group PA 
interventions, health professionals such as exercise physiologists can increase the likelihood of 
PA adherence in this population through stronger intentions, a sense of belonging, and 
development of shared attitudes toward PA across time.  
TST adds that the stronger the habit for a behaviour, the less self-regulatory capacity is 
necessary to drive PA adherence.  This is supported in the present study where strength of 
habit and high ECRs were found to moderate the IB gap. Since ECRs remain relatively stable 
across time, the primary focus is suggested to be increasing habit strength, and the favourable 
ambient temporal contingencies for PA. Educating a cancer survivor on PA and strengthening 
habit via a PA intervention may not be enough if that person lacks access to, or cannot afford 
PA facilities outside the intervention. The need for supported initiatives in communities to 
increase accessibility to PA equipment and facilities is important, and has direct implications for 
the government.  
 Physical inactivity cost health care systems around the world International $ 53.8 billion 
in 2013 (Ding et al., 2016), and cancer specifically cost Australia AU$4.5 billion between 2008-
2009 (AIHW, 2013). The Australian government simultaneously provided AU$71 million of local 
government area grants between 2009-2014 under the Healthy Communities Initiative 
(Australian Government Department of Health, ‘AGDH’, 2013) to support the development and 
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delivery of community-based PA and healthy diet programs (AGDH, 2013). The potential of 
these initiatives are well demonstrated by, for example, the Gold Coast City Council’s “Active 
and Healthy Program”, where body-weight based exercise stations were constructed in local 
parks and beaches, featuring free exercise equipment along the beach’s forefront (Bajracharya 
& Khan, 2011). The per annum cost of the Healthy Communities Initiative (approx. AU$14 
million) is significantly smaller than the A$4.5 billion spent on cancer in one year – a cost 
analysis worth exploring when forecasting government spend on cancer research and treatment 
vs. cancer prevention and survivorship management strategy.  
Providing access to green space and nature has been shown to have a positive effect on 
both physical and mental health (De Vries et al., 2003; Sugiyama et al., 2008), and simply going 
outside for a walk could be made more accessible with, for example, improved footpaths in 
nearby parks. The promotion of regular PA is a worldwide concern (Ding et al., 2016), and 
various initiatives are being implemented around the world today. For example “green gyms” in 
the United Kingdom, which are free outdoor fitness programs involving light to vigorous 
conservation activities such as planting trees and building wildlife ponds, that are suitable for all 
ability levels (Yerrel, 2008).  
Developing community-based opportunities that promote PA engagement is a global 
focus, since PA can be cost-free, done at any time that suits the individual, and can be made 
widely accessible by engaging respective governments around the world.  
 
4.3 LIMITATIONS & FUTURE RESEARCH 
4.3.1 Limitations of the experiment 
There are number of limitations in this study. Firstly, self-report questionnaires are potentially 
problematic in behavioural studies (Armitage & Connor; Hall et al., 2008), as participants may 
respond in socially desirable ways rather than accurately report their behaviour.  The present 
study attempted to verify self-report questionnaires with pedometer readings, the latter being 
objective semi-automated measures of actual PA behaviour (step-count). Unfortunately, due to 
the lack of stringent requirements of ENRICH participants to record their pedometer readings or 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
79 
 
step counts and the repeated malfunctioning of the pedometers, this verification was not 
possible. It is suggested that future research incorporate a step-count recording plan, or use of 
other activity monitors (e.g. daily automatic prompting of participants to record their step counts/ 
providing a Fitbits/Applewatch accelerometer).  
 Secondly, statistical power may be limited due to the modest sample size (N = 54), and 
the number of models explored. The likelihood of chance significant findings is reasonably high 
given the number of statistical tests conducted, and significance levels varying from p = .04 to p 
< 0.001.  Cautious interpretation is as such recommended, as is further replication in larger 
samples to determine the robustness of these results. 
 Thirdly, the use of multiple non-standardized measures of ECRs has generated a 
substantial amount of data that cannot be combined into a single score due to differences in the 
outcome measures. This is a known limitation of neuropsychological tests which use different 
approaches to tap similar cognitive domains. Despite this limitation, the data obtained has been 
useful in generating further considerations regarding the role of ECRs in behaviour change.  
 Fourth, the measure of ATCs employed in the present study was developed for the 
purposes of this study alone, and may not have adequately assessed this construct. It is 
suggested future research develops and rigorously tests a standardized measure of ATCs, 
considering that ease of access to PA facilities has, for example, been previously shown to be a 
significant moderator of the IB gap in PA adherence (Rhodes et al., 2006).  
 Finally, recruitment was restricted to participants enrolled in ENRICH programs across 
New South Wales. Since there were no exclusion criteria for ENRICH programs, nor any cut 
offs based on age, previous PA level and so forth, the present study’s sample may not be 
characteristic of the population of cancer survivors. The sample was a self-selected group who 
were self-motivated to contact and register for the ENRICH program. This motivation to engage 
in PA may also affect the generalizability of these findings to the general population of cancer 
survivors.  It is suggested that future research samples a broader demographic.   
 
4.3.2 Limitations of the models 
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Although TST incorporates personal, social and environmental processes as well as intention 
and time perspective, it places little emphasis on targeting an individual’s beliefs, developing 
self-efficacy (as opposed to PBC), or incorporating an action and coping plan. These three 
factors have previously been reviewed and discussed (see section 1.5.1) as having a significant 
moderating effect on the IB gap in PA across a number of populations (see Table 1). Two 
additional behaviour change theories propose how these factors can interplay to drive behaviour 
– the Reasoned Action Approach (Fishbein & Ajzen, 2010) and the Health Action Process 
Approach (Schwarzer, 1992).  
4.3.2.1 The Reasoned Action Approach (‘RAA’; Fishbein & Ajzen, 2010) extends on 
TPB through inclusion of actual control in the model and an increased focus on addressing 
beliefs that contribute to the TPB variables (see Fig 4). Actual control refers to the skills and 
abilities that an individual possesses with regard to the behaviour (as opposed to PBC – the 
perceived ease/difficulty of performing the behaviour), and RAA suggests that intention’s utility 
in predicting behaviour is moderated by actual control. Specifically, actual skill in, for example, 
using gym equipment is suggested to increase the strength of the IB relationship in PA 
adherence.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. Reasoned Action Approach (Fishbein & Ajzen, 2010) 
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An individual’s beliefs with regard to a behaviour are also of importance in behaviour 
change, and RAA emphasizes addressing the specific beliefs that lead to an individual’s 
attitude, subjective norms and PBC with regard to the behaviour. Namely – behavioural beliefs, 
normative beliefs, and control beliefs, as previously discussed (see sections 1.4.2.1 – 1.4.2.3).  
While there has been a lack of research to date investigating the efficacy of RAA in PA 
adherence, the utility of targeting beliefs and actual control in behaviour change interventions is 
well highlighted by Jemmott (2012). RAA was employed in the development of an intervention 
aimed at reducing HIV/STD infection risk in African adolescents and young adults (Jemmott, 
2012). Following a thorough assessment of community and individual adolescent and young 
adult’s beliefs with regard to sexual intercourse, an intervention was developed with a focus on 
re-structuring these beliefs in participants, whilst developing actual physical skill (e.g. teaching 
skills in condom use). A significant reduction in reported sexual activity, unprotected sex, and 
frequency of multiple sexual partners at 12-month follow-up was found, when compared with 
youth at control schools (Jemmott, 2012). This study demonstrates the potential in targeting not 
only individual and group beliefs regarding health behaviour, but also skill in carrying out the 
behaviour itself in addition to attitude, subjective norms, PBC and intention in health behaviour 
change.  
4.3.2.2 The Health Action Process Approach (‘HAPA’; Schwarzer, 1992) 
incorporates: self-efficacy at each stage of change; action planning; coping planning; action 
control; as well as environmental barriers and factors as moderators of the IB gap. It is a stage-
based behaviour change theory proposing that the adoption, initiation and maintenance of a 
new behaviour must be considered as a process that moves through two stages – the 
Motivation phase and Volition phase (see Fig 5).  
During the Motivation phase, intentions to perform the new behaviour are formed. Task 
self-efficacy (i.e. the belief in one’s ability to do the behaviour or task), outcome expectancies, 
and risk perception relevant to the new behaviour lead to the formation of intention. In the 
Volition phase, planning and action occur. This involves self-regulatory processes (action and 
coping planning, as well as action control – see section 1.5.1), which are proposed to mediate 
the IB gap. These factors are influenced by perceived self-efficacy, perceived situational 
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barriers, and the availability of resources and support. The quality of action planning is proposed 
to be dependent on an individual’s self-efficacy in creating that action plan, as well as the 
perceived ability to maintain the new behaviour whilst coping with setbacks (maintenance self-
efficacy).  
 
 
 
 
 
 
 
 
 
 
Fig 5. Health Action Process Approach (Schwarzer, 1992) 
 
Once the action is initiated, it requires some form of control or regulation by cognitive 
processes in order for the new behaviour to be maintained. For example, self-regulatory 
processes for doing regular, daily PA include effort and meta-cognitive activity to control 
competing urges and existing tendencies to remain sedentary. Individuals with low self-efficacy 
at this stage may doubt themselves and be unable to persevere. As such, this is the crucial 
function of coping and action planning – having pre-planned solutions to inevitable barriers, 
obstacles, and high-risk situations is suggested to increase the likelihood of PA adherence 
despite setbacks.  This may additionally act to increase recovery self-efficacy (i.e. the belief in 
one’s ability to resume the behaviour following setbacks).  
 
In general, self-efficacy may also be increased by actual skill development (RAA, Fishbein & 
Ajzen, 2010), or planning (per HAPA: Schwarzer, 1992). For example, a person who knows how 
to stretch is likely to believe in their ability to stretch. Similarly, an individual who has a plan 
Action Control 
 
 
 
ACTION 
Action 
Planning 
 
Coping 
Planning 
 
Intention 
Barriers & Resources 
Task  
Self-Efficacy 
Outcome 
Expectancies 
Risk 
Perception 
Maintenance 
Self-Efficacy 
Recovery 
Self-Efficacy 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
83 
 
knows what to do when faced with obstacles, which may effectively increase self-efficacy and 
confidence (Bandura, 1986). Thus actual skill development, action planning and coping 
planning may interplay to increase self-efficacy, as well as adherence to PA.  
Furthermore, the amount of ECRs necessary to drive behaviour in individuals with low 
habit strength for PA may decrease when a plan is in place for how to do PA, and for how to 
overcome obstacles. This has implications for future PA interventions as, since ECRs remain 
relatively stable across time, cancer survivors with low self-regulatory capacity may benefit 
significantly if a health professional was able to put together an action and coping plan in 
conjunction with the patient. This could also increase self-efficacy, whilst reducing the need to 
rely on self-regulatory capacity.  
Finally, developing actual skill may also draw links with habit. For example, a cancer 
survivor who has previously trained in a gym will have developed skills in navigating gym 
equipment. This is comparable to past behaviour, or habit strength – i.e. development of skill 
essentially becomes past behaviour. The more skill is developed for a behaviour, the more likely 
a habit will be formed. For example, demonstrating how to use weights and having cancer 
survivors repeat the demonstration across a number of weeks will increase habit for weight use.  
Repetition via demonstration would also increase task self-efficacy, which would have positive 
effects on intention to do PA, further increasing habit and reducing the need for self-regulation 
to get to a gym, or out to the park to do PA.  
 
Future research that incorporates beliefs, specific self-efficacy, action planning and coping 
planning in the exploration of moderators of the IB gap in PA adherence is likely to provide 
further useful behaviour change insights in both the cancer and general populations. 
 
4.3.3 A novel behaviour change model 
It has been shown that constructs across a number of behaviour change theories interplay to 
influence the behaviour change process, with numerous studies identifying a number of key 
factors that contribute to moderating the IB gap in PA adherence. These include: planning the 
when, where and how of behaviour; planning how to overcome potential barriers; setting 
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standards for novel PA behaviours; self-monitoring throughout the behaviour change process; 
investing self-regulated effort; past behaviour; self-efficacy; an individual’s attitude toward PA; 
opinions of the individual’s significant others regarding PA; the individual’s perceived control 
over PA; as well as training and developing actual skills and physical ability. Furthermore, 
access and proximity to PA facilities and recreational parks, time of day, and mood have also 
been shown to significantly contribute to successful PA adherence. These factors could be 
considered together when designing future PA interventions for cancer survivorship 
management.  An ideal future PA intervention is as such suggested to be based on a novel 
model of behaviour change, which is proposed in Fig 6. This novel model is based on the 
results of the present study in combination with TPB (Ajzen, 1991), TST (Hall & Fong, 2007), 
HAPA (Schwarzer, 1992), RAA (Fishbein & Ajzen, 2010), and the previous research findings 
outlined and discussed in Section 1.5.1 (see Table 1).  Such a future PA intervention is 
suggested to target a cancer survivor’s: 
4.3.3.1 PA/Task Self-efficacy (HAPA, Schwarzer, 1992) & Actual Control (RAA, 
Fishbein & Ajzen, 2010) by employing exercise physiologists to run the program and teach 
participants how to do PA by modeling it clearly, breaking down various forms of PA into smaller 
parts in a calm, non-stressful environment, whilst providing encouragement, are suggested 
strategies to increase task self-efficacy in carrying out PA (McAlister, Perry, & Parcel, 2008), as 
well as increase actual control.  
4.3.3.2 PA Beliefs (RAA, Fishbein & Ajzen, 2010) & Time Perspective (TST, Hall & 
Fong, 2007) Including education within the intervention in order to re-structure and inform 
participants regarding the benefits of PA, whilst setting in place reinforcers and rewards in order 
to increase the immediate benefits of doing PA throughout the intervention (Hall & Fong, 2007; 
Skinner, 1974). For example, providing opportunities to see short-term benefits of PA by 
displaying to participants as they exercise information regarding personal fat reduction, blood 
pressure changes, heart rate, muscle mass and estimated progress based on continued 
exercise at that level.  
4.3.3.3 Subjective Norm (TPB, Ajzen, 1991)  What the individual’s peer-group(s) think 
of their behaviour matters. Therefore, it is recommended that PA interventions are of a group 
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nature, or facilitate a group aspect during the course of the program. This could significantly 
increase the likelihood of shared positive beliefs and attitudes developing toward PA, and 
associated positive temporal valuations of the benefits of PA being adopted and retained. 
Facilitating external opportunities for participants to interact via email, online group forums, or 
pre-arranged group activities outside of the intervention may strengthen these relationships 
further.  
4.3.3.4 Action & Coping Planning (HAPA, Schwarzer, 1992) Creating individual action 
and coping plans at the outset of the intervention for PA that incorporate ongoing potential 
barriers with plans to overcome them is suggested. This may increase maintenance self-efficacy 
and increase the likelihood of engaging in PA outside of the intervention. Such plan making will 
also assist in identifying opportunities for PA in participant environments early on (e.g. “where 
are some nearby parks in which you’d feel comfortable walking?”), thus setting a solid 
foundation for habit formation.  
 4.3.3.5 Recovery Self-efficacy (HAPA, Schwarzer, 1992) Providing a model (i.e. the 
exercise physiologist) that demonstrates circumstances in which setbacks to PA adherence may 
occur, and how to overcome these is also suggested. Doing so will increase a participant’s 
belief that they can recover and that setbacks in any behaviour change endeavor are expected. 
Breaking these demonstrations down into smaller parts in a calm, non-stressful environment, 
whilst providing encouragement is also suggested to increase individual self-efficacy in this 
domain (McAlister, Perry, & Parcel, 2008). 
  4.3.3.5.1 Self-Monitoring Reviewing success and progress can further drive 
change, and since forgetting progress can be easy - keeping a journal (e.g. on paper or on 
computer) for self-monitoring progress and setbacks is also recommended. Journaling through 
successes, difficulties, and setbacks can be therapeutic and aid in normalizing the latter two 
circumstances.   
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Fig 6. A novel model of PA behaviour change based on TPB (Ajzen, 1991), TST (Hall & Fong, 2007), HAPA (Schwarzer, 1992), & RAA (Fishbein & Ajzen, 2010) 
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4.3.3.6 Habit & Executive Control Resources (TST, Hall & Fong, 2007)  An 
intervention that targets planning, self-efficacy, and beliefs may reduce the importance of habit 
and ECRs. Since habit for PA would likely be quite low in a population of non-adherers, ECRs 
and intention strength would be more heavily relied upon (Hall & Fong, 2007). It is difficult to 
train elements of ECRs, and resources that quickly identify an individual’s ECRs (e.g. inhibition) 
using standardized measures of cognitive functioning are limited in their delivery modes. A 
future PA intervention is as such recommended to focus on increasing the frequency of 
behaviour repetition. For example, 2-3 PA classes per week, or developing an individual 
timetable either on paper or online to plan frequency of PA in the hope of increasing habit 
development and reducing reliance on self-regulatory processes. The Stroop Task (Stroop, 
1935) is a 10 minute task which is deliverable online, and has been shown in the present study 
to have a positive correlation with PA adherence, as well as to significantly contribute to 
variance explained in PA adherence in this population. This task is recommended if future 
interventions would like to assess this construct   
4.3.3.7 Environmental Access (HAPA, Schwarzer, 1992; RAA, Fishbein & Ajzen, 
2010) & Ambient Temporal Contingencies (TST, Hall & Fong, 2007) Identifying ATCs such 
as distance to a nearby park or gym, cost and affordability, as well as education on existing PA 
facilities in participants’ environmental context, including education on nature and health 
benefits, is recommended. Providing maps, information on local government funded initiatives 
and help with planning at the environmental level is equally important. Access to online PA 
videos showing workouts, and various stretching exercises is also suggested.   
4.3.3.8 Feedback Loops (TST, Hall & Fong, 2007) Per TST, the more PA an individual 
engages in, the stronger the habit for PA will be, with changes in Subjective Norm possible, as 
well as for beliefs and intention strength. These are captured in the novel model by the dashed 
line (see Fig 6).  
A comparison of factors across all reviewed models including the novel model in predicting 
intention and behaviour is presented in Table 10. It is suggested that future research explore 
elements of this novel model of health behavior change and its efficacy in promoting PA 
adherence in the population of cancer survivors, as well as in the general population.
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Table 10. Comparison of behaviour change theory constructs with a novel model of behaviour change  
 Factors proposed to predict Intention Factors proposed to predict Behaviour 
Theory Beliefs Attitude 
Subjective 
Norm 
Perc. Beh. 
Control 
Time 
Perspective 
Self-
Efficacy 
Outcome 
Expectancy 
Risk 
Perception 
Env./ 
ATCs 
Intention 
Habit/Beh. 
Prepotency 
Self-
Reg./ECRs 
Env./ ATCs 
Act. & Cope. 
Planning 
Self-
Efficacy 
Actual 
Control 
                 
 
Theory of Planned 
Behaviour (Ajzen, 1991) 
    - - - - -   - - - - - 
 
Temporal Self-Regulation 
Theory (Hall & Fong, 2007) 
     - - - -     - - - 
 
Reasoned Action Approach 
(Fishbein & Ajzen, 2010) 
    - - - - -   - - - -  
 
Health Action Process 
Approach (Schwarzer, 1992) 
- - - - -           -
 
Novel Model (present study) 
 
      - -         
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5. CONCLUSION  
Engaging in PA has the potential to not only alleviate many cancer treatment-associated side-
effects, whilst increasing survival rate, but has also been implicated in cancer prevention as a 
modifiable lifestyle factor. A mere 2.5-5 PA hours out of the 168 hours that comprise one week, 
is a relatively small exchange for the enormous benefit of engaging in PA for cancer survivors. 
Given the high rate of non-adherence in this population, it is essential to find support for as 
many factors as possible that contribute to bridging the IB gap, in order to establish strategies to 
engage cancer survivors in PA as part of their survivorship health management plan. A human 
being is a complex organism with a multitude of factors affecting their development, psychology, 
and physical functioning. As such, it is difficult to imagine a single model that accounts for each 
and every variable contributing to the process of health behaviour change. TST makes a 
significant attempt at incorporating a number of key moderating variables to explain health 
behaviour change, including relatively new considerations for both temporal valuations of a 
behaviour, and the role of self-regulatory capacity. TST combines the latter with previously 
researched moderating factors intention, habit, and favourable/unfavourable environmental 
context. The present study’s findings support the moderating effect of self-regulatory capacity 
and habit strength on the IB gap in PA adherence in cancer survivors, and demonstrate that the 
inclusion of TST variables significantly bridges the IB gap for PA adherence in this population.  
With the current global physical inactivity pandemic, and less than half the Australian 
adult population meeting recommended PA guidelines, working together with health 
professionals and the government to develop PA interventions that target multiple factors in the 
health behaviour change process, as well as providing better access to PA, is crucial. TST is 
one such model to aid in this process -  a necessary and promising step forward in both quality 
cancer survivorship management and cancer prevention overall.   
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APPENDIX C: Participant Measures 
 
 
 
 
   
 
 
 
 
 
 
Active Australia Questionnaire 
 
AAQ Past week physical activity 
The next questions are about any physical activity that you may have done in the 
last 7 days: 
 
1. In the last week, how many times have you walked continuously, for at least 10 
minutes, for recreation, exercise or to get to or from places? 
  times 
 
2. What do you estimate was the total time that you spent walking in this way in the 
last week?  
In hours and/or minutes 
 
   minutes  
 
  hours 
 
3. In the last week, how many times did you do any vigorous gardening or heavy work 
around the yard, which made you breathe harder or puff and pant? 
 
  times 
         
4. What do you estimate was the total time that you spent doing vigorous gardening or 
heavy work around the yard in the last week? 
 
     In hours and/or minutes 
 
   minutes  
 
  hours 
 
The next questions exclude household chores, gardening or yard work: 
 
5.  In the last week, how many times did you do any vigorous physical activity which 
made you breathe harder or puff and pant? (e.g. jogging, cycling, aerobics, 
competitive tennis) 
 
 
  times 
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‘ 
 
 
 
 
 
 
6. What do you estimate was the total time that you spent doing this vigorous physical 
activity in the last week? 
 
 In hours and/or minutes 
 
 
   minutes  
    
  hours 
 
7. In the last week, how many times did you do any other more moderate physical 
activities that you have not already mentioned? (e.g. gentle swimming, social 
tennis, golf) 
 
  times 
 
8. What do you estimate was the total time that you spent doing these activities in the 
last week? 
 
      In hours and/or minutes 
 
 
   minutes  
 
  hours 
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EORTC Quality of Life Questionnaire – QLQ-C30 
 
 
We are interested in some things about you and your health.  Please answer all of the 
questions yourself by circling the number that best applies to you.  There are no “right” 
or “wrong” answers.  The information that you provide will remain strictly confidential. 
 
                 Not at   A  Quite     
Very 
         All Little   a Bit    
Much 
1. Do you have any trouble doing strenuous activities, 
 like carrying a heavy shopping bag or a suitcase?  1    2      3       4 
 
2. Do you have any trouble taking a long walk?   1    2      3       4 
 
3. Do you have any trouble taking a short walk outside 
 of the house?       1    2      3       4 
 
4. Do you need to stay in bed or a chair during the day?  1    2      3       4 
 
5. Do you need help with eating, dressing, washing 
 yourself or using the toilet?     1    2      3       4 
 
 
During the past week:               Not at   A  Quite
     Very 
         All Little   a Bit    
Much 
6. Were you limited in doing either your work or other 
 daily activities?      1    2      3       4 
 
7. Were you limited in pursuing your hobbies or other 
 leisure time activities?     1    2      3       4 
 
8. Were you short of breath?     1    2      3       4 
 
9. Have you had pain?      1    2      3       4 
 
10. Did you need to rest?      1    2      3       4 
 
11. Have you had trouble sleeping?    1    2      3       4 
 
12. Have you felt weak?      1    2      3       4 
 
13. Have you lacked appetite?     1    2      3       4 
 
14. Have you felt nauseated?     1    2      3       4 
 
15. Have you vomited?      1    2      3       4 
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During the past week:              Not at   A
  Quite     Very 
         All Little   a Bit    
Much 
16. Have you been constipated?     1    2      3       4 
 
17. Have you had diarrhoea?     1    2      3       4 
 
18. Were you tired?      1    2      3       4 
 
19. Did pain interfere with your daily activities?   1    2      3       4 
 
20. Have you had difficulty in concentrating on things, 
 like reading a newspaper or watching television?  1    2      3       4 
 
21. Did you feel tense?      1    2      3       4 
 
22. Did you worry?      1    2      3       4 
 
23. Did you feel irritable?      1    2      3       4 
 
24. Did you feel depressed?     1    2      3       4 
 
25. Have you had difficulty remembering things?  1    2      3       4 
 
26. Has your physical condition or medical treatment 
 interfered with your family life?    1    2      3       4 
 
27. Has your physical condition or medical treatment 
 interfered with your social activities?    1    2      3       4 
 
28. Has your physical condition or medical treatment 
 caused you financial difficulties?    1    2      3       4 
 
 
 
For the following questions please circle the number between 1 and 7 that best 
applies to you. 
 
 
29. How would you rate your overall health during the past week? 
 
 1  2  3  4  5  6 7 
     Very poor                                 Excellent 
 
 
30. How would you rate your overall quality of life during the past week? 
 
 1  2  3  4  5  6 7 
     Very poor                      Excellent 
 
 
 
 
 Copyright 1995 EORTC Study Group on Quality of Life. All rights reserved. Version 3.0 
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DAS S 21 Name: Date: 
Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the 
statement applied to you over the past week.  There are no right or wrong answers.  Do not 
spend too much time on any statement. 
The rating scale is as follows: 
0  Did not apply to me at all 
1  Applied to me to some degree, or some of the time 
2  Applied to me to a considerable degree, or a good part of time 
3  Applied to me very much, or most of the time 
 
1 I found it hard to wind down 0      1      2      3 
2 I was aware of dryness of my mouth 0      1      2      3 
3 I couldn't seem to experience any positive feeling at all 0      1      2      3 
4 I experienced breathing difficulty (eg, excessively rapid breathing, 
breathlessness in the absence of physical exertion) 
0      1      2      3 
5 I found it difficult to work up the initiative to do things 0      1      2      3 
6 I tended to over-react to situations 0      1      2      3 
7 I experienced trembling (eg, in the hands) 0      1      2      3 
8 I felt that I was using a lot of nervous energy 0      1      2      3 
9 I was worried about situations in which I might panic and make 
a fool of myself 
0      1      2      3 
10 I felt that I had nothing to look forward to 0      1      2      3 
11 I found myself getting agitated 0      1      2      3 
12 I found it difficult to relax 0      1      2      3 
13 I felt down-hearted and blue 0      1      2      3 
14 I was intolerant of anything that kept me from getting on with 
what I was doing 
0      1      2      3 
15 I felt I was close to panic 0      1      2      3 
16 I was unable to become enthusiastic about anything 0      1      2      3 
17 I felt I wasn't worth much as a person 0      1      2      3 
18 I felt that I was rather touchy 0      1      2      3 
19 I was aware of the action of my heart in the absence of physical 
exertion (eg, sense of heart rate increase, heart missing a beat) 
0      1      2      3 
20 I felt scared without any good reason 0      1      2      3 
21 I felt that life was meaningless 0      1      2      3 
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Theory of Planned Behaviour Exercise Questionnaire  
 
Please read the following questions carefully and respond by circling 
the number that best describes your opinion: 
 
 
1. For me, exercising at least 6 times in the next two weeks would be: 
 
1.1 1 2 3 4 5 6 7 
 Very bad      Very good 
 
1.2 1 2 3 4 5 6 7 
 Not 
important 
     Very 
important 
 
1.3 1 2 3 4 5 6 7 
 Very 
unpleasant 
     Very 
pleasant 
 
1.4 1 2 3 4 5 6 7 
 Very 
stressful 
     Very 
relaxing 
 
1.5 1 2 3 4 5 6 7 
 Very 
useless 
     Very useful 
 
1.6 1 2 3 4 5 6 7 
 Very 
harmful 
     Very 
beneficial 
 
1.7 1 2 3 4 5 6 7 
 Very 
absurd 
     Very 
intelligent 
 
        
2. The majority of the people important to me think I should exercise at least 6 
times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
 
3. If I wanted to, I could exercise at least 6 times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
4. I have thought about exercising at least 6 times in the next two weeks 
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 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
5. The majority of the people important to me want me to exercise at least 6 
times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
6. I am motivated to exercise at least 6 times in the next two weeks because 
this is what the majority of the people important to me expect 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
7. I will try to exercise at least 6 times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
8. How much control do you believe you have to exercise at least 6 times in 
the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
9. It depends entirely upon me whether I exercise at least 6 times in the next 
two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
10. I will make an effort to exercise at least 6 times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
11. I believe I am capable of exercising at least 6 times in the next two weeks 
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 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
12. The majority of the people important to me expect me to exercise at least 6 
times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
13. I do not have difficulties to exercise at least 6 times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
 
        
14. I will attempt to exercise at least 6 times in the next two weeks 
 
 1 2 3 4 5 6 7 
 Strongly 
disagree 
     Strongly 
agree 
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TPQ-E  
Temporal Valuations/Time Perspective Questionnaire 
 
 
Consider each of the statements below. For each, indicate your level 
of agreement or disagreement by using the following scale. Put the 
appropriate number, indicating your level of agreement or 
disagreement, in the box to the left of each statement.  
 
 
 
 
 
  
Long-term fitness goals are at least as important to me as short-term 
fitness goals 
 
  
I do not spend much time thinking about my long-term fitness 
 
  
I have a good sense of how I can keep fit throughout my life span 
 
  
I spend a great deal of time thinking about how my present exercise 
habits will affect my life later on 
 
  
I never consider the long-term consequences of staying fit before I 
exercise 
 
  
I do not have long-range fitness plans 
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Ambient Temporal Contingencies Questionnaire 
 
 
Please read the following statements carefully and respond by 
circling the number that best describes your circumstances: 
 
 1 
Disagree 
very 
strongly 
2 
Disagree 
strongly 
3 
Disagree 
4 
Neutral 
5 
Agree 
6 
Agree 
strongly 
7 
Agree 
very 
strongly 
1. Doing physical 
activity costs a 
lot? 
1 2 3 4 5 6 7 
2. To do physical 
activity I have to 
join a gym 
1 2 3 4 5 6 7 
3. The cost of 
physical activity 
stops me from 
doing it 
1 2 3 4 5 6 7 
4. On a nice day, 
I can do physical 
activity in my 
local area 
1 2 3 4 5 6 7 
5. On a bad 
weather day I 
can do physical 
activity in my 
local area 
1 2 3 4 5 6 7 
6. It is safe to 
physical activity 
in my local area 
1 2 3 4 5 6 7 
7. I have 
someone to do 
physical activity 
with 
1 2 3 4 5 6 7 
8. If I plan to do 
physical activity 
and the weather 
is nice I am likely 
to follow though 
with my plans 
1 2 3 4 5 6 7 
9. If I plan to do 
physical activity 
and the weather 
is bad I am likely 
to follow through 
with my plans 
1 2 3 4 5 6 7 
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On a nice day, how many minutes would you have to travel to do your physical activity?     
  
 
On a bad weather day (e.g. raining heavily), how many minutes would you have to travel to do your physical 
activity? 
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SRHI  
 
Self-Report Habit Index Questionnaire – Exercise Version 
 
Consider each of the statements below. For each, indicate your level 
of agreement or disagreement by using the following scale. Put the 
appropriate number, indicating your level of agreement or 
disagreement, in the box to the left of each statement.  
 
 
 
 
 
Physical activity is something…. 
 
 
  
I do frequently 
 
  
I do automatically 
 
  
I do without having to consciously remember 
 
  
That makes me feel weird if I do not do it 
 
  
I do without thinking 
 
  
That would require effort not to do it 
 
  
That belongs to my (daily, weekly, monthly) routine 
 
  
I start doing before I realize I’m doing it 
 
  
I find hard not to do 
 
  
I have no need to think about doing 
 
  
That’s typically ‘me’ 
 
  
I have been doing for a long time 
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Demographics 
 
Please answer each question below 
 
 
What is your gender? (please circle)   M  /   F 
 
 
What is your Date of Birth?  …………………………… 
 
 
What is your postcode?   …………………………… 
 
 
Marital status? (please circle)         Single 
De facto/married 
Widowed 
Separated/divorced 
 
 
Level of education? (please circle)  School 
Completed High school 
TAFE/Diploma or Vocational training 
Undergraduate University Degree 
Postgraduate University Degree 
 
 
Average annual income? (please circle) 0-30,000K 
30,000-50,000K 
50,000-70,000K 
70,000-90,000K 
90,000-110,000K+ 
 
 
Employment status? (please circle)  Full time 
      Part time  
Casual  
Student 
Unemployed 
Other (please specify) …………………………… 
 
 
Do you smoke? (please circle)   Y  /   N  
       
If no, did you ever smoke? (please circle) Y  /   N  
 
 
What kind of cancer were you first diagnosed with? (please circle)    
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1. Breast  
2. Colorectal  
3. Lung  
4. Prostate 
5. Upper GI 
6. Gynaecological 
7. Melanoma 
8. Brain 
9. Haematological 
10. Other (please specify)
 …………………………… 
 
What stage was your cancer when you were diagnosed? (please circle) 
 I, II, III, IV, Don’t know 
      Stage I 
      Stage II  
Stage III  
Stage IV  
Don’t Know 
 
 
Did you have surgery? (please circle)  Y  /   N 
 
Did you have chemotherapy? (please circle) Y  /   N 
 
Did you have radiotherapy? (please circle)  Y  /   N 
 
Did you have hormone therapy? (please circle) Y  /   N 
 
 
What is your disease status at the moment? (please circle) 
 
     Disease free (no visible cancer) 
     Cancer static (present but stable) 
     Cancer progressing (cancer present and increasing) 
 
What are your current physical activity goals? (please circle) 
 
Get fit 
Improve strength 
Increase muscle mass 
Improve energy levels 
Lose weight 
Gain weight 
Other (please specify) ………………………………… 
 
………………………………………………………… 
 
………………………………………………………… 
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APPENDIX D: Neuropsychological Tests 
 
 
Stroop Task 
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Go/No Go Task 
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Tower of London Task 
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Trail Making Test A & B 
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Automated Operation Span Task 
 
 
 
 
 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
131 
 
 
 
 
 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
132 
 
 
 
 
 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
133 
 
 
 
 
 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
134 
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APPENDIX E: Regression Diagnostics –  
Contributions of TPB & Time Perspective to the prediction of intention (Baseline) 
 
Model 1 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBP, T1TPBS, 
T1TPBAb 
. Enter 
 
a. Dependent Variable: T1TPBI 
b. All requested variables entered. 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .784a .615 .592 .66137 .615 26.670 3 50 
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Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
 
a. Predictors: (Constant), T1TPBP, T1TPBS, T1TPBA 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 34.997 3 11.666 26.670 .000b 
Residual 21.870 50 .437 
  
Total 56.867 53 
   
 
a. Dependent Variable: T1TPBI 
b. Predictors: (Constant), T1TPBP, T1TPBS, T1TPBA 
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Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) .738 .685 
 
1.079 .286 
  
T1TPBA .442 .143 .354 3.089 .003 .681 .400 
T1TPBS .063 .059 .097 1.060 .294 .299 .148 
T1TPBP .398 .095 .477 4.189 .000 .724 .510 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T1TPBA .271 .586 1.706 
T1TPBS .093 .926 1.080 
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T1TPBP .367 .593 1.687 
 
a. Dependent Variable: T1TPBI 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue Condition Index 
Variance Proportions 
(Constant) T1TPBA T1TPBS T1TPBP 
1 1 3.910 1.000 .00 .00 .00 .00 
2 .061 8.009 .02 .01 .97 .05 
3 .022 13.385 .34 .01 .02 .63 
4 .007 23.597 .64 .98 .00 .32 
 
a. Dependent Variable: T1TPBI 
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Model 2 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBP, T1TPBS, 
T1TPBAb 
. Enter 
2 T1TPQEb . Enter 
 
a. Dependent Variable: T1TPBI 
b. All requested variables entered. 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .784a .615 .592 .66137 .615 26.670 3 50 
2 .787b .620 .589 .66421 .004 .572 1 49 
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Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
2 .453 
 
a. Predictors: (Constant), T1TPBP, T1TPBS, T1TPBA 
b. Predictors: (Constant), T1TPBP, T1TPBS, T1TPBA, T1TPQE 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 34.997 3 11.666 26.670 .000b 
Residual 21.870 50 .437 
  
Total 56.867 53 
   
2 Regression 35.249 4 8.812 19.974 .000c 
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Residual 21.618 49 .441 
  
Total 56.867 53 
   
 
a. Dependent Variable: T1TPBI 
b. Predictors: (Constant), T1TPBP, T1TPBS, T1TPBA 
c. Predictors: (Constant), T1TPBP, T1TPBS, T1TPBA, T1TPQE 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) .738 .685 
 
1.079 .286 
  
T1TPBA .442 .143 .354 3.089 .003 .681 .400 
T1TPBS .063 .059 .097 1.060 .294 .299 .148 
T1TPBP .398 .095 .477 4.189 .000 .724 .510 
2 (Constant) .735 .688 
 
1.070 .290 
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T1TPBA .390 .159 .312 2.452 .018 .681 .331 
T1TPBS .061 .059 .094 1.030 .308 .299 .146 
T1TPBP .399 .095 .479 4.182 .000 .724 .513 
T1TPQE .069 .091 .078 .756 .453 .413 .107 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T1TPBA .271 .586 1.706 
T1TPBS .093 .926 1.080 
T1TPBP .367 .593 1.687 
2 (Constant) 
   
T1TPBA .216 .478 2.092 
T1TPBS .091 .925 1.082 
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T1TPBP .368 .593 1.687 
T1TPQE .067 .723 1.383 
 
a. Dependent Variable: T1TPBI 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T1TPQE .078b .756 .453 .107 .723 1.383 .478 
 
a. Dependent Variable: T1TPBI 
b. Predictors in the Model: (Constant), T1TPBP, T1TPBS, T1TPBA 
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Collinearity Diagnosticsa 
Model Dimension Eigenvalue Condition Index 
Variance Proportions 
(Constant) T1TPBA T1TPBS T1TPBP T1TPQE 
1 1 3.910 1.000 .00 .00 .00 .00 
 
2 .061 8.009 .02 .01 .97 .05 
 
3 .022 13.385 .34 .01 .02 .63 
 
4 .007 23.597 .64 .98 .00 .32 
 
2 1 4.869 1.000 .00 .00 .00 .00 .00 
2 .067 8.504 .00 .00 .90 .01 .10 
3 .036 11.601 .03 .01 .07 .20 .71 
4 .021 15.133 .43 .01 .03 .50 .05 
5 .006 27.903 .54 .98 .00 .29 .13 
 
a. Dependent Variable: T1TPBI 
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APPENDIX F: Regression Diagnostics –  
Contributions of TPB & Time Perspective to the prediction of intention (Time 2) 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T2TPBP, T2TPBS, 
T2TPBAb 
. Enter 
2 T2TPQEb . Enter 
 
a. Dependent Variable: T2TPBI 
b. All requested variables entered. 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .756a .572 .546 .58713 .572 22.245 3 50 
2 .770b .593 .560 .57790 .022 2.611 1 49 
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Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
2 .113 
 
a. Predictors: (Constant), T2TPBP, T2TPBS, T2TPBA 
b. Predictors: (Constant), T2TPBP, T2TPBS, T2TPBA, T2TPQE 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 23.006 3 7.669 22.245 .000b 
Residual 17.236 50 .345 
  
Total 40.242 53 
   
2 Regression 23.877 4 5.969 17.874 .000c 
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Residual 16.364 49 .334 
  
Total 40.242 53 
   
 
a. Dependent Variable: T2TPBI 
b. Predictors: (Constant), T2TPBP, T2TPBS, T2TPBA 
c. Predictors: (Constant), T2TPBP, T2TPBS, T2TPBA, T2TPQE 
 
 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) 1.495 .826 
 
1.809 .076 
  
T2TPBA .318 .143 .232 2.220 .031 .512 .300 
T2TPBS -.034 .062 -.052 -.542 .590 .150 -.076 
T2TPBP .492 .082 .634 5.982 .000 .727 .646 
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2 (Constant) 1.201 .834 
 
1.441 .156 
  
T2TPBA .242 .149 .177 1.632 .109 .512 .227 
T2TPBS -.037 .061 -.057 -.600 .551 .150 -.085 
T2TPBP .504 .081 .648 6.194 .000 .727 .663 
T2TPQE .142 .088 .156 1.616 .113 .257 .225 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T2TPBA .205 .784 1.275 
T2TPBS -.050 .930 1.075 
T2TPBP .554 .763 1.310 
2 (Constant) 
   
T2TPBA .149 .707 1.415 
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T2TPBS -.055 .930 1.076 
T2TPBP .564 .758 1.320 
T2TPQE .147 .893 1.120 
 
a. Dependent Variable: T2TPBI 
 
 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T2TPQE .156b 1.616 .113 .225 .893 1.120 .707 
 
a. Dependent Variable: T2TPBI 
b. Predictors in the Model: (Constant), T2TPBP, T2TPBS, T2TPBA 
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a. Dependent Variable: T2TPBI 
 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue Condition Index 
Variance Proportions 
(Constant) T2TPBA T2TPBS T2TPBP T2TPQE 
1 1 3.933 1.000 .00 .00 .00 .00 
 
2 .044 9.437 .01 .01 .99 .06 
 
3 .018 14.611 .13 .04 .00 .86 
 
4 .005 29.273 .85 .94 .00 .08 
 
2 1 4.903 1.000 .00 .00 .00 .00 .00 
2 .049 9.970 .01 .00 .88 .00 .11 
3 .030 12.873 .00 .00 .10 .44 .42 
4 .014 18.995 .26 .07 .01 .46 .45 
5 .005 32.888 .74 .92 .00 .09 .02 
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APPENDIX G: Regression Diagnostics –  
Contributions of TPB & Time Perspective to the prediction of intention (Time 3) 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T3TPBP, T3TPBS, 
T3TPBAb 
. Enter 
2 T3TPQEb . Enter 
 
a. Dependent Variable: T3TPBI 
b. All requested variables entered. 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .760a .578 .533 .92268 .578 12.775 3 28 
2 .821b .674 .626 .82542 .096 7.987 1 27 
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Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
2 .009 
 
a. Predictors: (Constant), T3TPBP, T3TPBS, T3TPBA 
b. Predictors: (Constant), T3TPBP, T3TPBS, T3TPBA, T3TPQE 
 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 32.629 3 10.876 12.775 .000b 
Residual 23.838 28 .851 
  
Total 56.467 31 
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2 Regression 38.071 4 9.518 13.970 .000c 
Residual 18.396 27 .681 
  
Total 56.467 31 
   
 
a. Dependent Variable: T3TPBI 
b. Predictors: (Constant), T3TPBP, T3TPBS, T3TPBA 
c. Predictors: (Constant), T3TPBP, T3TPBS, T3TPBA, T3TPQE 
 
 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) .114 1.290 
 
.088 .930 
  
T3TPBA .423 .233 .268 1.816 .080 .576 .325 
T3TPBS -.024 .158 -.019 -.150 .882 .182 -.028 
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T3TPBP .595 .148 .588 4.036 .000 .726 .606 
2 (Constant) -.592 1.181 
 
-.501 .620 
  
T3TPBA .092 .239 .058 .387 .702 .576 .074 
T3TPBS -.038 .141 -.031 -.268 .791 .182 -.051 
T3TPBP .614 .132 .607 4.650 .000 .726 .667 
T3TPQE .543 .192 .371 2.826 .009 .553 .478 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T3TPBA .223 .694 1.440 
T3TPBS -.018 .921 1.086 
T3TPBP .496 .710 1.409 
2 (Constant) 
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T3TPBA .042 .528 1.894 
T3TPBS -.029 .920 1.087 
T3TPBP .511 .708 1.413 
T3TPQE .310 .700 1.428 
 
a. Dependent Variable: T3TPBI 
 
 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T3TPQE .371b 2.826 .009 .478 .700 1.428 .528 
 
a. Dependent Variable: T3TPBI 
b. Predictors in the Model: (Constant), T3TPBP, T3TPBS, T3TPBA 
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Collinearity Diagnosticsa 
Model Dimension Eigenvalue Condition Index 
Variance Proportions 
(Constant) T3TPBA T3TPBS T3TPBP T3TPQE 
1 1 3.934 1.000 .00 .00 .00 .00 
 
2 .036 10.430 .01 .00 .46 .51 
 
3 .021 13.677 .26 .10 .52 .34 
 
4 .008 21.574 .73 .89 .01 .15 
 
2 1 4.911 1.000 .00 .00 .00 .00 .00 
2 .036 11.651 .01 .00 .43 .54 .00 
3 .031 12.615 .01 .01 .37 .22 .34 
4 .014 18.626 .63 .02 .20 .05 .46 
5 .007 25.598 .35 .96 .00 .18 .20 
 
a. Dependent Variable: T3TPBI 
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APPENDIX H: Regression Diagnostics –  
Contributions of TPB & Time Perspective to the prediction of intention (Time 4) 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T4TPBP, T4TPBS, 
T4TPBAb 
. Enter 
2 T4TPQEb . Enter 
 
a. Dependent Variable: T4TPBI 
b. All requested variables entered. 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .958a .919 .897 .51799 .919 41.439 3 11 
2 .959b .919 .886 .54275 .000 .019 1 10 
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Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
2 .892 
 
a. Predictors: (Constant), T4TPBP, T4TPBS, T4TPBA 
b. Predictors: (Constant), T4TPBP, T4TPBS, T4TPBA, T4TPQE 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 33.357 3 11.119 41.439 .000b 
Residual 2.952 11 .268 
  
Total 36.308 14 
   
2 Regression 33.363 4 8.341 28.314 .000c 
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Residual 2.946 10 .295 
  
Total 36.308 14 
   
 
a. Dependent Variable: T4TPBI 
b. Predictors: (Constant), T4TPBP, T4TPBS, T4TPBA 
c. Predictors: (Constant), T4TPBP, T4TPBS, T4TPBA, T4TPQE 
 
 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) -1.845 .696 
 
-2.650 .023 
  
T4TPBA .516 .186 .388 2.773 .018 .797 .641 
T4TPBS -.096 .113 -.094 -.856 .410 .367 -.250 
T4TPBP .866 .146 .695 5.936 .000 .926 .873 
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2 (Constant) -1.897 .819 
 
-2.316 .043 
  
T4TPBA .507 .205 .382 2.480 .033 .797 .617 
T4TPBS -.094 .119 -.092 -.794 .446 .367 -.244 
T4TPBP .864 .153 .694 5.649 .000 .926 .873 
T4TPQE .022 .160 .014 .139 .892 .394 .044 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T4TPBA .238 .377 2.653 
T4TPBS -.074 .614 1.629 
T4TPBP .510 .538 1.857 
2 (Constant) 
   
T4TPBA .223 .342 2.921 
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T4TPBS -.072 .605 1.653 
T4TPBP .509 .537 1.863 
T4TPQE .013 .803 1.246 
 
a. Dependent Variable: T4TPBI 
 
 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T4TPQE .014b .139 .892 .044 .803 1.246 .342 
 
a. Dependent Variable: T4TPBI 
b. Predictors in the Model: (Constant), T4TPBP, T4TPBS, T4TPBA 
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Collinearity Diagnosticsa 
Model Dimension Eigenvalue Condition Index 
Variance Proportions 
(Constant) T4TPBA T4TPBS T4TPBP T4TPQE 
1 1 3.908 1.000 .00 .00 .00 .00 
 
2 .055 8.458 .08 .00 .70 .09 
 
3 .027 12.143 .86 .02 .00 .36 
 
4 .011 18.921 .06 .98 .30 .55 
 
2 1 4.871 1.000 .00 .00 .00 .00 .00 
2 .064 8.731 .03 .00 .59 .01 .12 
3 .033 12.158 .03 .02 .07 .46 .37 
4 .022 14.871 .94 .02 .01 .03 .42 
5 .010 21.728 .00 .96 .33 .50 .09 
 
a. Dependent Variable: T4TPBI 
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APPENDIX I: Regression Diagnostics –  
Contributions of baseline Intention, baseline Behavioural Prepotency, Executive Control Resources & baseline Ambient 
Temporal Contingencies to the prediction of adherence to physical activity 
 
Model 1 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBIb . Enter 
 
a. Dependent Variable: T2T1PA 
b. All requested variables entered. 
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Model Summary 
Model R R Square Adjusted R Square 
Std. Error of the 
Estimate 
1 .448a .201 .185 369.27203 
 
a. Predictors: (Constant), T1TPBI 
 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 1778437.365 1 1778437.365 13.042 .001b 
Residual 7090815.172 52 136361.830 
  
Total 8869252.537 53 
   
 
a. Dependent Variable: T2T1PA 
b. Predictors: (Constant), T1TPBI 
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Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 1303.798 300.983 
 
4.332 .000 
T1TPBI -176.844 48.968 -.448 -3.611 .001 
 
a. Dependent Variable: T2T1PA 
 
Model 2 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBIb . Enter 
2 NSTR, T1HSI, 
T1ATCb 
. Enter 
 
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
166 
 
a. Dependent Variable: T2T1PA 
b. All requested variables entered. 
 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .494a .244 .229 363.96165 .244 16.172 1 50 
2 .604b .365 .311 344.12593 .121 2.977 3 47 
 
Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
2 .041 
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a. Predictors: (Constant), T1TPBI 
b. Predictors: (Constant), T1TPBI, NSTR, T1HSI, T1ATC 
 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 2142324.634 1 2142324.634 16.172 .000b 
Residual 6623404.193 50 132468.084 
  
Total 8765728.827 51 
   
2 Regression 3199864.114 4 799966.028 6.755 .000c 
Residual 5565864.713 47 118422.654 
  
Total 8765728.827 51 
   
 
a. Dependent Variable: T2T1PA 
b. Predictors: (Constant), T1TPBI 
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c. Predictors: (Constant), T1TPBI, NSTR, T1HSI, T1ATC 
 
 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) 1465.680 308.919 
 
4.745 .000 
  
T1TPBI -200.732 49.915 -.494 -4.021 .000 -.494 -.494 
2 (Constant) 1540.908 333.126 
 
4.626 .000 
  
T1TPBI -198.072 55.854 -.488 -3.546 .001 -.494 -.459 
T1HSI .328 3.402 .015 .096 .924 -.229 .014 
NSTR .298 .105 .335 2.846 .007 .289 .383 
T1ATC -40.546 74.513 -.090 -.544 .589 -.340 -.079 
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Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T1TPBI -.494 1.000 1.000 
2 (Constant) 
   
T1TPBI -.412 .714 1.401 
T1HSI .011 .562 1.779 
NSTR .331 .977 1.024 
T1ATC -.063 .493 2.027 
 
a. Dependent Variable: T2T1PA 
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Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T1HSI -.030b -.221 .826 -.032 .831 1.204 .831 
NSTR .342b 2.977 .005 .391 .990 1.010 .990 
T1ATC -.117b -.810 .422 -.115 .735 1.361 .735 
 
a. Dependent Variable: T2T1PA 
b. Predictors in the Model: (Constant), T1TPBI 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue Condition Index 
Variance Proportions 
(Constant) T1TPBI T1HSI NSTR T1ATC 
1 1 1.987 1.000 .01 .01 
   
2 .013 12.159 .99 .99 
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2 1 4.254 1.000 .00 .00 .00 .02 .00 
2 .626 2.606 .00 .00 .00 .96 .00 
3 .095 6.709 .04 .02 .65 .00 .00 
4 .013 18.127 .20 .95 .01 .01 .29 
5 .012 19.048 .75 .03 .33 .01 .71 
 
a. Dependent Variable: T2T1PA 
 
Model 3 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBIb . Enter 
2 NSTR, T1HSI, 
T1ATCb 
. Enter 
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3 T1TPBIXHSI, 
T1TPBIXNSTR, 
T1TPBIXATCb 
. Enter 
 
a. Dependent Variable: T2T1PA 
b. All requested variables entered. 
 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .494a .244 .229 363.96165 .244 16.172 1 50 
2 .604b .365 .311 344.12593 .121 2.977 3 47 
3 .731c .534 .460 304.75801 .169 5.309 3 44 
 
Model Summary 
Model Change Statistics 
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Sig. F Change 
1 .000 
2 .041 
3 .003 
 
a. Predictors: (Constant), T1TPBI 
b. Predictors: (Constant), T1TPBI, NSTR, T1HSI, T1ATC 
c. Predictors: (Constant), T1TPBI, NSTR, T1HSI, T1ATC, T1TPBIXHSI, T1TPBIXNSTR, T1TPBIXATC 
 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 2142324.634 1 2142324.634 16.172 .000b 
Residual 6623404.193 50 132468.084 
  
Total 8765728.827 51 
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2 Regression 3199864.114 4 799966.028 6.755 .000c 
Residual 5565864.713 47 118422.654 
  
Total 8765728.827 51 
   
3 Regression 4679121.249 7 668445.893 7.197 .000d 
Residual 4086607.578 44 92877.445 
  
Total 8765728.827 51 
   
 
a. Dependent Variable: T2T1PA 
b. Predictors: (Constant), T1TPBI 
c. Predictors: (Constant), T1TPBI, NSTR, T1HSI, T1ATC 
d. Predictors: (Constant), T1TPBI, NSTR, T1HSI, T1ATC, T1TPBIXHSI, T1TPBIXNSTR, T1TPBIXATC 
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Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) 1465.680 308.919 
 
4.745 .000 
  
T1TPBI -200.732 49.915 -.494 -4.021 .000 -.494 -.494 
2 (Constant) 1540.908 333.126 
 
4.626 .000 
  
T1TPBI -198.072 55.854 -.488 -3.546 .001 -.494 -.459 
T1HSI .328 3.402 .015 .096 .924 -.229 .014 
NSTR .298 .105 .335 2.846 .007 .289 .383 
T1ATC -40.546 74.513 -.090 -.544 .589 -.340 -.079 
3 (Constant) 1499.408 334.829 
 
4.478 .000 
  
T1TPBI -186.958 60.232 -.460 -3.104 .003 -.494 -.424 
T1HSI -1.950 3.213 -.089 -.607 .547 -.229 -.091 
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NSTR .488 .118 .548 4.134 .000 .289 .529 
T1ATC -39.223 66.549 -.087 -.589 .559 -.340 -.089 
T1TPBIXHSI 10.287 3.406 .419 3.020 .004 .343 .414 
T1TPBIXNSTR -.350 .129 -.360 -2.714 .009 -.075 -.379 
T1TPBIXATC -117.954 67.784 -.268 -1.740 .089 .270 -.254 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T1TPBI -.494 1.000 1.000 
2 (Constant) 
   
T1TPBI -.412 .714 1.401 
T1HSI .011 .562 1.779 
NSTR .331 .977 1.024 
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T1ATC -.063 .493 2.027 
3 (Constant) 
   
T1TPBI -.320 .482 2.077 
T1HSI -.062 .494 2.024 
NSTR .426 .603 1.658 
T1ATC -.061 .485 2.062 
T1TPBIXHSI .311 .551 1.815 
T1TPBIXNSTR -.279 .601 1.665 
T1TPBIXATC -.179 .446 2.240 
 
a. Dependent Variable: T2T1PA 
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Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T1HSI -.030b -.221 .826 -.032 .831 1.204 .831 
NSTR .342b 2.977 .005 .391 .990 1.010 .990 
T1ATC -.117b -.810 .422 -.115 .735 1.361 .735 
T1TPBIXHSI .252b 2.067 .044 .283 .958 1.044 .958 
T1TPBIXNSTR -.016b -.125 .901 -.018 .986 1.015 .986 
T1TPBIXATC .057b .411 .683 .059 .793 1.260 .793 
2 T1TPBIXHSI .315c 2.512 .016 .347 .771 1.297 .489 
T1TPBIXNSTR -.336c -2.422 .019 -.336 .638 1.568 .492 
T1TPBIXATC .058c .399 .692 .059 .657 1.522 .486 
 
a. Dependent Variable: T2T1PA 
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b. Predictors in the Model: (Constant), T1TPBI 
c. Predictors in the Model: (Constant), T1TPBI, NSTR, T1HSI, T1ATC 
 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) T1TPBI T1HSI NSTR T1ATC T1TPBIXHSI 
1 1 1.987 1.000 .01 .01 
    
2 .013 12.159 .99 .99 
    
2 1 4.254 1.000 .00 .00 .00 .02 .00 
 
2 .626 2.606 .00 .00 .00 .96 .00 
 
3 .095 6.709 .04 .02 .65 .00 .00 
 
4 .013 18.127 .20 .95 .01 .01 .29 
 
5 .012 19.048 .75 .03 .33 .01 .71 
 
3 1 4.819 1.000 .00 .00 .00 .01 .00 .01 
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2 1.451 1.822 .00 .00 .00 .05 .00 .05 
3 1.018 2.176 .00 .00 .00 .04 .00 .12 
4 .351 3.706 .00 .00 .01 .41 .00 .34 
5 .256 4.339 .00 .00 .00 .44 .00 .38 
6 .085 7.533 .04 .01 .64 .01 .00 .10 
7 .012 20.135 .20 .09 .24 .03 .99 .00 
8 .008 24.051 .76 .90 .12 .01 .01 .00 
 
Collinearity Diagnosticsa 
Model Dimension 
Variance Proportions 
T1TPBIXNSTR T1TPBIXATC 
1 1 
  
2 
  
2 1 
  
2 
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3 
  
4 
  
5 
  
3 1 .00 .01 
2 .18 .05 
3 .12 .08 
4 .26 .19 
5 .42 .43 
6 .00 .01 
7 .01 .00 
8 .00 .23 
 
a. Dependent Variable: T2T1PA 
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APPENDIX J: Regression Diagnostics –  
Contributions of Time 2 Intention, Time 2 Behavioural Prepotency, Executive Control Resources & Time 2 Ambient Temporal 
Contingencies to the prediction of Adherence to physical activity at Time 3 
 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T2TPBIb . Enter 
2 NSTR, T2HSI, 
T2ATCb 
. Enter 
3 T2TPBIXATC, 
T2TPBIXNSTR, 
T2TPBIXHSIb 
. Enter 
 
a. Dependent Variable: T3T1PA 
b. All requested variables entered. 
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Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .107a .012 -.023 240.83909 .012 .338 1 29 
2 .357b .127 -.007 238.98828 .116 1.150 3 26 
3 .389c .152 -.107 250.54535 .024 .219 3 23 
 
Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .566 
2 .348 
3 .882 
 
a. Predictors: (Constant), T2TPBI 
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b. Predictors: (Constant), T2TPBI, NSTR, T2HSI, T2ATC 
c. Predictors: (Constant), T2TPBI, NSTR, T2HSI, T2ATC, T2TPBIXATC, T2TPBIXNSTR, T2TPBIXHSI 
 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 19599.340 1 19599.340 .338 .566b 
Residual 1682100.596 29 58003.469 
  
Total 1701699.935 30 
   
2 Regression 216699.544 4 54174.886 .949 .452c 
Residual 1485000.391 26 57115.400 
  
Total 1701699.935 30 
   
3 Regression 257921.533 7 36845.933 .587 .760d 
Residual 1443778.403 23 62772.974 
  
Total 1701699.935 30 
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a. Dependent Variable: T3T1PA 
b. Predictors: (Constant), T2TPBI 
c. Predictors: (Constant), T2TPBI, NSTR, T2HSI, T2ATC 
d. Predictors: (Constant), T2TPBI, NSTR, T2HSI, T2ATC, T2TPBIXATC, T2TPBIXNSTR, T2TPBIXHSI 
 
 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) -3.933 341.975 
 
-.011 .991 
  
T2TPBI 31.188 53.654 .107 .581 .566 .107 .107 
2 (Constant) 103.958 361.578 
 
.288 .776 
  
T2TPBI -27.234 70.749 -.094 -.385 .703 .107 -.075 
T2HSI 3.638 3.118 .249 1.167 .254 .259 .223 
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NSTR .122 .092 .260 1.326 .196 .269 .252 
T2ATC 9.363 69.383 .032 .135 .894 .092 .026 
3 (Constant) 307.677 499.184 
 
.616 .544 
  
T2TPBI -46.916 88.856 -.161 -.528 .603 .107 -.109 
T2HSI 3.673 3.517 .251 1.045 .307 .259 .213 
NSTR .120 .140 .257 .860 .399 .269 .176 
T2ATC -2.414 74.566 -.008 -.032 .974 .092 -.007 
T2TPBIXHSI -.020 5.036 -.001 -.004 .997 -.090 -.001 
T2TPBIXNSTR -.004 .203 -.005 -.018 .986 .127 -.004 
T2TPBIXATC -48.863 72.529 -.182 -.674 .507 -.199 -.139 
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Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T2TPBI .107 1.000 1.000 
2 (Constant) 
   
T2TPBI -.071 .566 1.766 
T2HSI .214 .739 1.353 
NSTR .243 .872 1.147 
T2ATC .025 .585 1.708 
3 (Constant) 
   
T2TPBI -.101 .395 2.534 
T2HSI .201 .638 1.567 
NSTR .165 .414 2.414 
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T2ATC -.006 .557 1.795 
T2TPBIXHSI -.001 .355 2.814 
T2TPBIXNSTR -.003 .410 2.441 
T2TPBIXATC -.129 .506 1.977 
 
a. Dependent Variable: T3T1PA 
 
 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T2HSI .263b 1.295 .206 .238 .809 1.236 .809 
NSTR .259b 1.366 .183 .250 .919 1.088 .919 
T2ATC .045b .197 .845 .037 .671 1.491 .671 
T2TPBIXHSI -.039b -.165 .870 -.031 .627 1.594 .627 
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T2TPBIXNSTR .133b .711 .483 .133 .997 1.003 .997 
T2TPBIXATC -.193b -.905 .373 -.169 .755 1.324 .755 
2 T2TPBIXHSI -.108c -.450 .657 -.090 .602 1.662 .395 
T2TPBIXNSTR -.019c -.072 .943 -.014 .504 1.983 .453 
T2TPBIXATC -.183c -.845 .406 -.167 .724 1.381 .514 
 
a. Dependent Variable: T3T1PA 
b. Predictors in the Model: (Constant), T2TPBI 
c. Predictors in the Model: (Constant), T2TPBI, NSTR, T2HSI, T2ATC 
 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) T2TPBI T2HSI NSTR T2ATC T2TPBIXHSI 
1 1 1.992 1.000 .00 .00 
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2 .008 15.748 1.00 1.00 
    
2 1 4.315 1.000 .00 .00 .00 .01 .00 
 
2 .602 2.676 .00 .00 .00 .87 .00 
 
3 .066 8.108 .03 .01 .88 .00 .01 
 
4 .011 20.066 .52 .00 .10 .01 .75 
 
5 .006 26.166 .45 .99 .02 .10 .24 
 
3 1 4.787 1.000 .00 .00 .00 .01 .00 .00 
2 1.448 1.818 .00 .00 .00 .01 .00 .10 
3 1.179 2.015 .00 .00 .00 .06 .00 .00 
4 .341 3.745 .00 .00 .00 .14 .00 .26 
5 .177 5.206 .00 .00 .01 .61 .00 .34 
6 .054 9.378 .02 .01 .87 .12 .01 .09 
7 .009 22.823 .21 .06 .05 .03 .95 .00 
8 .004 34.427 .77 .94 .06 .02 .03 .21 
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Collinearity Diagnosticsa 
Model Dimension 
Variance Proportions 
T2TPBIXNSTR T2TPBIXATC 
1 1 
  
2 
  
2 1 
  
2 
  
3 
  
4 
  
5 
  
3 1 .00 .00 
2 .00 .12 
3 .19 .00 
4 .06 .59 
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5 .59 .11 
6 .16 .10 
7 .00 .07 
8 .00 .00 
 
a. Dependent Variable: T3T1PA 
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APPENDIX K: Regression Diagnostics – Contributions of Time 3 Intention, Time 3 Behavioural Prepotency, Executive Control 
Resources & Time 3 Ambient Temporal Contingencies to the prediction of Adherence to physical activity at Time 4 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T3TPBIb . Enter 
2 T3HSI, NSTR, 
T3ATCb 
. Enter 
3 T3TPBIXNSTR, 
T3TPBIXHSI, 
T3TPBIXATCb 
. Enter 
 
a. Dependent Variable: T4T1PA 
b. All requested variables entered. 
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Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .290a .084 .001 440.49167 .084 1.013 1 11 
2 .364b .133 -.301 502.72808 .048 .148 3 8 
3 .859c .738 .371 349.65054 .605 3.846 3 5 
 
Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .336 
2 .928 
3 .091 
 
a. Predictors: (Constant), T3TPBI 
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b. Predictors: (Constant), T3TPBI, T3HSI, NSTR, T3ATC 
c. Predictors: (Constant), T3TPBI, T3HSI, NSTR, T3ATC, T3TPBIXNSTR, T3TPBIXHSI, T3TPBIXATC 
 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 196626.265 1 196626.265 1.013 .336b 
Residual 2134362.043 11 194032.913 
  
Total 2330988.308 12 
   
2 Regression 309104.109 4 77276.027 .306 .866c 
Residual 2021884.199 8 252735.525 
  
Total 2330988.308 12 
   
3 Regression 1719710.791 7 245672.970 2.010 .230d 
Residual 611277.516 5 122255.503 
  
Total 2330988.308 12 
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a. Dependent Variable: T4T1PA 
b. Predictors: (Constant), T3TPBI 
c. Predictors: (Constant), T3TPBI, T3HSI, NSTR, T3ATC 
d. Predictors: (Constant), T3TPBI, T3HSI, NSTR, T3ATC, T3TPBIXNSTR, T3TPBIXHSI, T3TPBIXATC 
 
 
Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) -368.065 696.075 
 
-.529 .607 
  
T3TPBI 121.598 120.793 .290 1.007 .336 .290 .290 
2 (Constant) -219.320 1041.059 
 
-.211 .838 
  
T3TPBI -3.889 256.630 -.009 -.015 .988 .290 -.005 
T3HSI -.314 6.896 -.016 -.046 .965 .031 -.016 
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NSTR -.428 .643 -.313 -.666 .524 -.294 -.229 
T3ATC 133.111 328.655 .227 .405 .696 .192 .142 
3 (Constant) 1361.402 1782.533 
 
.764 .479 
  
T3TPBI -183.139 229.747 -.437 -.797 .462 .290 -.336 
T3HSI -3.914 5.266 -.205 -.743 .491 .031 -.315 
NSTR -1.139 .530 -.834 -2.149 .084 -.294 -.693 
T3ATC 70.161 282.127 .119 .249 .813 .192 .111 
T3TPBIXHSI -.852 8.964 -.039 -.095 .928 -.105 -.042 
T3TPBIXNSTR -.860 .259 -.905 -3.320 .021 -.628 -.829 
T3TPBIXATC -74.992 272.622 -.174 -.275 .794 -.175 -.122 
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Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T3TPBI .290 1.000 1.000 
2 (Constant) 
   
T3TPBI -.005 .289 3.465 
T3HSI -.015 .833 1.201 
NSTR -.219 .489 2.043 
T3ATC .133 .347 2.885 
3 (Constant) 
   
T3TPBI -.183 .174 5.741 
T3HSI -.170 .691 1.447 
NSTR -.492 .348 2.871 
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T3ATC .057 .228 4.395 
T3TPBIXHSI -.022 .311 3.213 
T3TPBIXNSTR -.760 .706 1.417 
T3TPBIXATC -.063 .131 7.619 
 
a. Dependent Variable: T4T1PA 
 
 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T3HSI .007b .023 .982 .007 .993 1.007 .993 
NSTR -.198b -.573 .579 -.178 .743 1.345 .743 
T3ATC .016b .042 .967 .013 .605 1.652 .605 
T3TPBIXHSI -.096b -.319 .756 -.100 .999 1.001 .999 
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T3TPBIXNSTR -.597b -2.477 .033 -.617 .976 1.025 .976 
T3TPBIXATC .002b .005 .996 .002 .631 1.584 .631 
2 T3TPBIXHSI -.221c -.465 .656 -.173 .531 1.883 .281 
T3TPBIXNSTR -.905c -3.907 .006 -.828 .725 1.378 .271 
T3TPBIXATC -.160c -.214 .837 -.081 .222 4.509 .222 
 
a. Dependent Variable: T4T1PA 
b. Predictors in the Model: (Constant), T3TPBI 
c. Predictors in the Model: (Constant), T3TPBI, T3HSI, NSTR, T3ATC 
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Collinearity Diagnosticsa 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) T3TPBI T3HSI NSTR T3ATC T3TPBIXHSI 
1 1 1.984 1.000 .01 .01 
    
2 .016 11.307 .99 .99 
    
2 1 4.213 1.000 .00 .00 .01 .01 .00 
 
2 .636 2.573 .00 .00 .00 .46 .00 
 
3 .134 5.611 .01 .01 .88 .01 .00 
 
4 .012 18.606 .98 .15 .01 .08 .07 
 
5 .004 31.134 .00 .84 .10 .44 .93 
 
3 1 4.512 1.000 .00 .00 .01 .01 .00 .00 
2 1.859 1.558 .00 .00 .00 .01 .00 .07 
3 .668 2.600 .00 .00 .01 .06 .00 .04 
4 .576 2.799 .00 .00 .00 .20 .00 .05 
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5 .285 3.980 .00 .00 .03 .13 .00 .33 
6 .095 6.907 .00 .00 .91 .02 .00 .27 
7 .004 34.100 .00 .68 .03 .36 .59 .09 
8 .002 47.209 .99 .32 .01 .22 .41 .15 
 
Collinearity Diagnosticsa 
Model Dimension 
Variance Proportions 
T3TPBIXNSTR T3TPBIXATC 
1 1 
  
2 
  
2 1 
  
2 
  
3 
  
4 
  
5 
  
ADHERENCE TO PHYSICAL ACTIVITY IN CANCER SURVIVORS 
 
203 
 
3 1 .01 .00 
2 .07 .02 
3 .43 .02 
4 .35 .01 
5 .04 .15 
6 .02 .03 
7 .03 .01 
8 .06 .76 
 
a. Dependent Variable: T4T1PA 
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APPENDIX L: Regression Diagnostics –  
Utility of including all measures of Executive Control Resources in the prediction of adherence to physical activity 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBIb . Enter 
2 NSTR, NTOL, 
NOSP, NTMB, 
NGNG, T1HSI, 
T1ATCb 
. Enter 
 
a. Dependent Variable: T2T1PA 
b. All requested variables entered. 
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Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .459a .211 .191 318.56846 .211 10.418 1 39 
2 .626b .392 .240 308.78479 .181 1.359 7 32 
 
Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .003 
2 .256 
 
a. Predictors: (Constant), T1TPBI 
b. Predictors: (Constant), T1TPBI, NSTR, NTOL, NOSP, NTMB, NGNG, T1HSI, T1ATC 
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ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 1057326.311 1 1057326.311 10.418 .003b 
Residual 3957948.567 39 101485.861 
  
Total 5015274.878 40 
   
2 Regression 1964137.404 8 245517.176 2.575 .027c 
Residual 3051137.474 32 95348.046 
  
Total 5015274.878 40 
   
 
a. Dependent Variable: T2T1PA 
b. Predictors: (Constant), T1TPBI 
c. Predictors: (Constant), T1TPBI, NSTR, NTOL, NOSP, NTMB, NGNG, T1HSI, T1ATC 
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Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) 1142.860 299.274 
 
3.819 .000 
  
T1TPBI -154.824 47.966 -.459 -3.228 .003 -.459 -.459 
2 (Constant) 1666.689 528.927 
 
3.151 .004 
  
T1TPBI -152.120 57.607 -.451 -2.641 .013 -.459 -.423 
T1HSI -1.317 3.370 -.072 -.391 .698 -.281 -.069 
NSTR .245 .119 .297 2.061 .047 .286 .342 
NGNG 539.326 340.861 .231 1.582 .123 .155 .269 
NOSP -.116 2.466 -.007 -.047 .963 -.060 -.008 
NTMB .000 .001 -.083 -.566 .575 -.086 -.100 
NTOL -14.661 12.765 -.161 -1.149 .259 -.111 -.199 
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T1ATC -17.743 74.181 -.049 -.239 .812 -.375 -.042 
 
 
 
Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T1TPBI -.459 1.000 1.000 
2 (Constant) 
   
T1TPBI -.364 .651 1.535 
T1HSI -.054 .563 1.776 
NSTR .284 .919 1.089 
NGNG .218 .895 1.118 
NOSP -.006 .889 1.125 
NTMB -.078 .887 1.127 
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NTOL -.158 .971 1.030 
T1ATC -.033 .458 2.182 
 
a. Dependent Variable: T2T1PA 
 
 
Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T1HSI -.113b -.722 .475 -.116 .835 1.198 .835 
NSTR .314b 2.324 .026 .353 .997 1.003 .997 
NGNG .220b 1.561 .127 .245 .982 1.018 .982 
NOSP -.096b -.667 .509 -.108 .994 1.006 .994 
NTMB .000b -.001 .999 .000 .965 1.036 .965 
NTOL -.154b -1.078 .288 -.172 .992 1.008 .992 
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T1ATC -.181b -1.072 .291 -.171 .711 1.407 .711 
 
a. Dependent Variable: T2T1PA 
b. Predictors in the Model: (Constant), T1TPBI 
 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) T1TPBI T1HSI NSTR NGNG NOSP 
1 1 1.986 1.000 .01 .01 
    
2 .014 11.947 .99 .99 
    
2 1 6.645 1.000 .00 .00 .00 .01 .00 .00 
2 .967 2.621 .00 .00 .00 .01 .81 .01 
3 .707 3.066 .00 .00 .00 .79 .04 .01 
4 .348 4.370 .00 .00 .01 .13 .01 .01 
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5 .186 5.974 .00 .00 .10 .00 .12 .75 
6 .105 7.952 .01 .01 .46 .04 .00 .16 
7 .023 17.105 .01 .31 .25 .00 .00 .00 
8 .013 22.859 .01 .43 .17 .02 .01 .03 
9 .006 34.355 .97 .25 .01 .00 .01 .04 
 
Collinearity Diagnosticsa 
Model Dimension 
Variance Proportions 
NTMB NTOL T1ATC 
1 1 
   
2 
   
2 1 .01 .00 .00 
2 .00 .00 .00 
3 .01 .00 .00 
4 .91 .00 .00 
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5 .00 .00 .00 
6 .02 .03 .00 
7 .04 .25 .12 
8 .01 .01 .87 
9 .00 .72 .00 
 
a. Dependent Variable: T2T1PA 
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APPENDIX M: Regression Diagnostics –  
Utlitly of including processing speed in the predition of adherence to physical activity 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 T1TPBIb . Enter 
2 NSTR, NTMA, 
T1HSI, T1ATCb 
. Enter 
 
a. Dependent Variable: T2T1PA 
b. All requested variables entered. 
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Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of the 
Estimate 
Change Statistics 
R Square 
Change F Change df1 df2 
1 .522a .273 .256 361.91796 .273 16.109 1 43 
2 .637b .406 .329 343.48866 .133 2.184 4 39 
 
Model Summary 
Model 
Change Statistics 
Sig. F Change 
1 .000 
2 .089 
 
a. Predictors: (Constant), T1TPBI 
b. Predictors: (Constant), T1TPBI, NSTR, NTMA, T1HSI, T1ATC 
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ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 2110019.764 1 2110019.764 16.109 .000b 
Residual 5632338.147 43 130984.608 
  
Total 7742357.911 44 
   
2 Regression 3140963.978 5 628192.796 5.324 .001c 
Residual 4601393.934 39 117984.460 
  
Total 7742357.911 44 
   
 
a. Dependent Variable: T2T1PA 
b. Predictors: (Constant), T1TPBI 
c. Predictors: (Constant), T1TPBI, NSTR, NTMA, T1HSI, T1ATC 
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Coefficientsa 
Model 
Unstandardized Coefficients 
Standardized 
Coefficients 
t Sig. 
Correlations 
B Std. Error Beta Zero-order Partial 
1 (Constant) 1485.567 319.668 
 
4.647 .000 
  
T1TPBI -206.561 51.465 -.522 -4.014 .000 -.522 -.522 
2 (Constant) 1457.489 345.749 
 
4.215 .000 
  
T1TPBI -199.244 58.936 -.504 -3.381 .002 -.522 -.476 
T1HSI -.094 3.626 -.004 -.026 .980 -.273 -.004 
NSTR .306 .109 .349 2.808 .008 .330 .410 
T1ATC -20.922 80.158 -.048 -.261 .795 -.366 -.042 
NTMA -3.199E-5 .000 -.056 -.425 .673 -.159 -.068 
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Coefficientsa 
Model 
Correlations Collinearity Statistics 
Part Tolerance VIF 
1 (Constant) 
   
T1TPBI -.522 1.000 1.000 
2 (Constant) 
   
T1TPBI -.417 .687 1.456 
T1HSI -.003 .557 1.795 
NSTR .347 .986 1.014 
T1ATC -.032 .458 2.184 
NTMA -.052 .865 1.156 
 
a. Dependent Variable: T2T1PA 
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Excluded Variablesa 
Model Beta In t Sig. 
Partial 
Correlation 
Collinearity Statistics 
Tolerance VIF 
Minimum 
Tolerance 
1 T1HSI -.066b -.456 .650 -.070 .824 1.213 .824 
NSTR .356b 2.977 .005 .417 .998 1.002 .998 
T1ATC -.116b -.743 .462 -.114 .704 1.420 .704 
NTMA -.089b -.673 .504 -.103 .981 1.019 .981 
 
a. Dependent Variable: T2T1PA 
b. Predictors in the Model: (Constant), T1TPBI 
 
Collinearity Diagnosticsa 
Model Dimension Eigenvalue 
Condition 
Index 
Variance Proportions 
(Constant) T1TPBI T1HSI NSTR T1ATC NTMA 
1 1 1.986 1.000 .01 .01 
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2 .014 11.765 .99 .99 
    
2 1 4.339 1.000 .00 .00 .00 .01 .00 .01 
2 .921 2.171 .00 .00 .00 .10 .00 .75 
3 .622 2.641 .00 .00 .00 .86 .00 .13 
4 .093 6.825 .04 .02 .71 .01 .00 .07 
5 .013 18.013 .60 .90 .02 .00 .02 .00 
6 .012 18.797 .35 .08 .26 .01 .98 .05 
 
a. Dependent Variable: T2T1PA 
 
